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lieber  die 

Darstellbarkeit  willkürlicher  Functionen  durch 

Reihen  die  nach  den  Wurzeln  einer 

transcendenten  Gleichung 

fortschreiten. 


von 


Dr.  Phil.  R.  Fujisawa. 


Neiden  den  trio-onometri.sclien  Heiben  werden,  in  der  mathema- 
tischen Physik,  die  ihnen  naheverwandten,  naeli  den  AYurzehi  einer 
o-ewissen  transcendenten  nieichnng  f(^rtsch reitenden  Reihen  vielfach 
ano-ewandt  :  daher  wird  es  wiinschenswerth  sein,  wenigstens  für  alle 
Fälle  der  Natnr,  d.  h.,  unter  beschränkenden,  jedoch  für  die  phy- 
sikalische Anwendung'  hinreichend  allgemeinen  Voraussetzungen  ül)er 
die  Natur  der  Function,  zu  l)eweisen,  dass  die  Reibe  wirklich  gegen 
den  Werth  der  gegebenen  Function  convergire.  Dass  der  \'on  Sturm 
und  Liouville  herrührende,  von  Heine  vervollständigte  Beweis  un- 
zureichend ist,  hahe  ich  schon  in  einer  früheren  ar1)eit  discutirt.* 
Es  handelt  sich  hier  darum,  die  Convergenz  jener  in  IJede  stehenden 
Reihe  darzuthun,  wie  fin-  die  trigonometrisfheu  Reihen  durch  die 
berühmte  Arbeit  Dirichlet's  geschehen  ist. 

Die  Reihe  in  ihrer  allgemeinsten  Form  ist  wie  folgt  beschaffen  ; 
sie  schreitet  nach  den  gegebenen  Functionen   6  {x,  X),  welche  einen 

*  Ueber  eine  in  der  Wärmeleituusstheoiie  anftretende,  nach  den  Wurzeln  einer  transeeu- 
deuten  Gleichung  fortschreitende  unendliche  Eeihe.     Inaugural-Dissertation.    Strassburg  188ß, 
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Parameter  X  enthalt,  für  den  ninn  alle  Wurzeln  einer  gegelDcnen  trans- 
cendenten  Gleichung  d  (A.)  =  0  zu  setzen  hat.  In  dieser  Form  wird 
aber  der  in  lîede  stehende  lîeweis  wohl  schwerlidi  durch  zuführen 
sein,  ohne  dnss  man  sehr  beschränkende  ^Voraussetzungen  über  9  und 
0  zu  machen  genöthigt  ist  ;  es  empfiehlt  sich  daher,  von  vornherein 
den  ]3eweis  an  einem  bestimmten  Beispiele  durchzuführen  und  dadurch 
den  Weg  zu  zeigen,  wie  man  auch  in  andern  Fällen  zu  verfahren  hat. 
Ein  so  directer  AVeg,  wie  der  Dirichlet's  ist  hier  der  Natur  der 
Sache  nach  wohl  niclit  möglich  ;  es  lässt  sich  aber  dieser  Fall  auf 
einen  durch  das  Theorem  Diriclilet's  erledigten  Fall  zurüchführen 
Avie  icli  in  meiner  eben  citirten  Arbeit  flu*  eine  Reihe  aus  der  AA^ärme- 
] ei t IUI £i's théorie  claroeLhan  habe.     Es  war  die  Keihe  : 

-.1 


n     1 


wo     X^,?^^,----     die,  der  Grösse  nach  geordneten  positiven  Wurzeln 
der  Gleichung 

0  (?J  z=  cos  ;^,  +  f  a  -  1  )  sin  X  --  n         f  a  >•  0  ) 

bedeuten. 

Für  die  Wärmeleitungsnutgnbo  genügt  es  nachzuweisen,  dass  u 
mit  positis  ;ibnehmeiid<-m  t  gegen  /'(r)  convergirt.  Stellt  die  für  t  =  0 
formirte   Reihe 


1    ^.    .     /,      ,NX'''''"^'"(^"f)'''' 


/(/•)   dar,  so  ist   dies   n:ich   (ùncm   bekannten  Sntze  über  iV)tenzreihen 
hierfür  ausreichend.  al)er  nicht  um  hwendiü-.       Dieser,  wie  ich  glaube, 
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bisher  unbenclitete  Umstand  .spielt  eine  wesentliche  Kolle  bei  meinem 
Beweise  ;  die  Methode  des  Beweises  selbst  lässt  sieh  auch  auf  die  für 
t  =  0  formirte  Reihe  v  anwenden,  wie  ich  ^^einer  Zeit  Ijemerkt  hal)e. 
Dies  zu  zeigen  ist  der  Zweck  der  vin'liei'eiiden  Arbeit. 


S'.    1. 


^ 


A\'ir  bes'-hiifti<i"en  uns  mit  (1er  Reihe 

worin  A,i ,  7^^, die  der  Grösse  nach  geordneten  positiven  AVur- 

zeln  der  Gleichung. 

IL     0  (;i)  =  ;i  cos  Â  +  i  a- 1  )  siü  Â  =  u         (.  a  :^  0  ) 

bedeuten.    Diese  Reihe  lüsst  sich,  wenn  man  die  Integration  im  Xenner 
ausführt,  auch  wie  folgt  schreiben  : 

™     "  =  Tlà  ""  (^"  t)  --  -sin  PC^osX.  • 

Es  soll  nachgewiesen  werden,  dass  diese  Reihe  r.  unter  A'oraus- 
setzunii'  der  bekannten  Dirichletschen  Bediniiuiiüen  hinsichtlich  der 
Function /(/f)),  zur  Summe /(r)  hat. 

Zu  dem  Zwecke  sei  anoefiihrt  die  bekannte  Ausdrucksform 
von   ;i,„ 

Â„)  =     "  '[^         TT    ±    on,  "   <  on  <     0     '  (^    <   i  )• 

Für  a  —  1  wird 

.           'In-i 
Ai  ^  — ö "^  > 
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und  wenn  wir  die  Reihe  v  für  den  speciellen   werth  von  a  --  1  mit 
v'  bezeichnen,  80  lautet  die.sellje  : 

Von  dieser  Reihe  ist  bekannt,  dass  sie  sich  aus  der  Entwickehing 
von  r/(r)  cos  ^  nach  den  Sinus  der  ganzen  A'ielfachen  von  — 
ergibt,  also  dass,  mit  Ausschluss  der  Grenzen  r  =-  0  und  /•  =  /,  zwis- 
chen denselben  /(?•)  zur  Summe  hat. 

Es  handelt  sich  darum,  zu  zeigen  dass  die  beiden  Summeu  v  und 
v'  ireo-en  die  nämliche  Grenze  convergiren. 

§.  2. 

Wofern 

0  (  In)  =  K  L'o«  K  +  (oc-i)  hIu  ;i„  =  ü 

ist,    haben    wir 

sin  (;i„  Çj  ■  sin  (x,,    ^^  )  Â„  •   sm  (?.,,    J  )  •  «in  (^K    f  ) 

T sin  A.^   cos  X„  sin  X„    •   0'(^„) 

also    auch 

sin(;i„    f)  •   sin(;,,    -;-)  (a-1)  sin(\.  -^).  sin^A,.  ^-) 

T^  ^iu_A^^^_cos_^  cos  \,    ■   <p'{?.,) 

Setzt  man 

(a-l)    •   ahi(z     ■    V   siu^;2    |^j 

so   stellt  w    eine   einwerthige    Function    einer    complexen    Variabele 
z  dar,  welche  für  endliche  Werthe  von  z  nur  in  den  Punkten 
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±   ^1  ,       ±   \:, 


unci 


TT 


Sir 


3  =  -t-  —  .  -t-  — 

—    2   >  —     o 

unstetig  wird.  In  den  beiden  Punkten  ;;  ^  ±  \^  hat  sie  das  Resi- 
duum 


Ji 


1        sm  A.,t  cos  /l„ 
^1, 


und  fiu'  :.  =  +  -^^-7; tt   das  folo-ejide 


,,/       2«-l       \  .    /■2«-l     T/\       .    /  2)1-1    ir/)\ 

Dies  vüraugescliiekt,  sei  nun  in  der  2 -ebene  eine  Flache  E* 
vorgelegt,  welche  Avie  folgt  entsteht  :  in  den  Punkten  mir  und  —mir, 
unter  tn  eine  positive  ganze  Zahl  verstanden,  errichte  man  auf  der 
;î;-axe  Perpendikel  AA'  und  BB',  wo 


m 


TT  +  i  ■s/mir. 


B  —  —  mir  +  i  -y/ifiTC 


A' ^=        mir  —  i  ^WK, 
B'—  —  mir  —  i  ^/mir; 


*  Diese  Placke  E  kommt  bei  Gelegenheit  einer  ähnlichen  Untersuchung  bei  Heine 
Crelle's  Journal,  Bd.  89. 


vor. 
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vom   Anfang.spunkt  0  aus  .schlage  man  mit  dem  Hadius  \/(/«7r)'^  +  w7r 
Kreisbogen    ACE    und  A'C'B'.      Diese    dm-eli    die    in    sich    zurück- 
kehrende Linie  Ä'At'BB'C'A'  eini>eschh3ssene  Fliiclie  moue  E  heissen. 
Alsdann  hahen  wir  nach  dem  Kesiduensatze  von  Cauchv 

wo  die  Inteiiration  über  Ä A  C  B  B'C'A  zu  erstrecken  ist. 

Da  die  Funktion    w   eine  ungerade  Function  von   z  =  x  ■{■  iij  ist, 
so  ist  (»tfenljar 

('\  ^,    w  ch  =  J    j^     IV  d^^  ^  <t' 

.B  r.Ä 

w  dz  —     /    '  C    w  dz  —  1'  ; 


J    \A 


B' 


und    wir  haben 


Setzen  wir  hierin  die  AVerthe  von   ^M— -75 — ^r  j   und  R  (A,„) 


2n-l 
rtlie  von  it( 

wieder  ein,  so  ergibt  sich 


MultipUcirt  man  die  beiden  Seiten  dieser  Gleichung  nnt 

und  integrirt  sodann  nach  p  zwischen  den  Grenzen  0  und  /,  so  folgt: 
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2:sm(;i„-f)^  ^      '^ 

»---1  ^  ^1 


sin  X,,  cos  Â„ 


1      r' 


K  \=^ri:;^fp.fip)[Q  +  J']dp. 


Wir  setzen 


^=7j^./k^(/>)[^-f^']^^/' 


und  lassen  m,  die  Reilie  der  o-anzen  Zahlen  dnrchlanfend,  über  alle 
Grenze  hinanswachsen,  so  haben  wir,  die  Convergenz  beiderseits 
vorausgesetzt, 

Nun  lässt  sich  aber  zeio;en,  dass  die  rechte  Seite  (heser  (ileichnno- 
in  der  That  verschwindt^. 


§.  3. 


Wir  haben  g-esetzt 


rt 


^=^nrfS'pfip)[Q+J'']dp; 


mithin 


:\[oa  j  ^  -J — f''p  Mo^fip)  [Mod  Q  +  ^fod  7^]  dp. 

I     .       l.        TT'  y 

Znnaclist  bescliiiftigen  wir  nns  mit  Q  und  P. 
Es  ist 

Q=  j  I   j/  "■  dr.-i  j'         ir  {mir  +  f?l)  dif, 
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worin 


w  {z) 


(a-l)sm(.i:).sin(.   -f) 

cos  z  .   <p  {z) 

(ft  iz)  =  z  COS  ?.•  +  (a  — 1)  sin  ^ 


ist. 


Bezeichnet  man  dnrcli 


1 


?/"    ,    ?/ 


1  w''  V' 


3! 


5! 


so  ist 


sin   (.T  +  '// )  =  sill  X  C\\  ■\-  i  cos  x  Si/ 
cos  [x  +  ?  ?y  )  =  cos  X  Cfi  —  i  sin  x  Si/. 


Da8  o-ibt 


Mod   sin   {x  +  iy)  =  ^/  Oy'^ —  cos  x^  =  ^  >%^+  sinrr^, 
Sy  ^  i\ro(l  sin  (  .r  +  ///)  ^  C;;y, 

nnd,  inshesondere, 


Mod   sin  -T-  (  .r  +  /?/  ) 


Mod   sin    ^^'    (  X  +  ///  )  ^  rY   ^1    y  ^  , 


alnio 


:\rod 


sin    Y  i  ■'*'  +  ^'/  )  •  •'^in  y-  (a-  +  i.i/) 


^(T")-'(f-0- 


Entwickelt   man   «je  (.r  +  /i/), 


^ 
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(p  {x  +  iy) 


X  cos  X  Cy 

■}■  y  sin  X  Sy 

+  (a  —  1)  sin  X  Cy 


+  i 


y  cos  X  Cy 
—  X  sin  X  Sy 

+    (a  — 1)  cos  X  Sy 


und  liildet  alsdann  den  Modul,  so  erhält  man  durch  einfache  Tv eduction 


Mod   9   {x  +  iy)  — 


[x  cos  X  +  (  a— 1  )  sin  x^ 
+  [yCy  +  {^-\)  Syf 

.  O       CT       O  •  O 

4-  ar  Sy-  smar 


Plierin    setze   man       x  =  inir,     sin  mir  =  0,    cos  wtt  =  ±  1       ein,    so 
erhält  man 


Mod  0  {imr  +  iy)  =  ^  W7r'+  {y  Cy  +  (a  — 1)  Syy+  mir'  Sif 


^^vrir'Cf  +  (yCy  +  {,,^1)  SyJ  , 


also 


Mod  0  {in  TT  +  iy  )  ^  mir  Cy. 
Es  folo-t  hieraus 

Mod  7V  {mir  +  iy)  ^     Mod(a  — 1) 

Es   ist   a  her,   M'ofern 

<  >  <:r  <:  l,    0  ^  p'^l, 
für  jeden  Werth  von  y 


^■(fO-^(f") 


mir 


cy 


^(tO=^'^'    ^'(f'0=^'^' 


folcflich 


<^(tO     <fO 


^''2/ 


C'2/ 


1  . 


Wir  hahen  demnach 
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Mod  w  [mir  +  iy)  ^    Mod  (a  — 1) 


VITT 


Wir  wenden  den  liekannten  Modalsatz  an  nn<l  erlialten 
_   Mod  ?r  {mir  +  iy)  dy 

<  Mod  (a-1)  •  /        dy 

=  'mir  ^-^r^n 

<  Mod  (a-1)  •       .—    , 

gültig  fur  jeden  der  Ungleichheit  0  <  r  <:  /  genügen- 
den Werth  von  r  und  für  jeden  der  Ungleichheit 
0  ^ /}  ^  /     genügenden    Werth    von  p. 

Untersuchen    wir  min 


P  =   j     C    IC  dz  =    j 


^  d. 

C     {z.w)  — 

AI  ^ 


und  hezeichnen  zu  dem  Ende  durch  o'  das  Azimuth  von  z,  so  ist  auf 
der  Kreisperipherie   A  C  B 


dz 


=  -v/  m-TÇ'^  ■\-  mir   ■  e'^  ,      —  =  idO  ; 


also 


=  ■;/ 


B 

G 
A 


(  z.  w  )  de , 


woraus  weiter  folgt 


Mod  / 


's/ 


.IB 

C 
A 


Mod  (  z.  IV  )  do  . 


Zufolge  der    Construction    des    Kreishogens 
dem  sel  hen 


AC  B,      ist    auf 


y 
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Es  lässt  «ich  nun  leicht  zeigen  (V^ergl.  Joe.  cit.  §.  5.)  class,  wofern  y 
von  Null  verscheiden  ist, 

Mod  0  (.r  +  iy)  >  {x'-\-  f)i.  Sy.  -^ , 

wo  Q  eine  stets  von  Null  verscheidene  für  erhebliche 
Werth  von  y  nahezu  gleich  der  Einheit  und  mit  wachs- 
endem y  schliesslich  gegen  die  Einheit  con vergirende 
Zahl  bedeutet.  Unter  Ecslhaltung  dieser  Ikdcutung  von  Q 
findet  man  weiter  für  die  WerLhe  von  y,  die  von  Null  verschieden 
sind, 

Mod  {z.io)  <  Mod  (a-1)  •  Q ^-^ -g^ — 

Auf  dem  Kreisbogen     ACE    ist  nun  y  positiv.       Mit  Rück- 
sicht hierauf  bringen  wir 

Û sf 

in  die  Form  : 

Für  erhebliche  positive  AVerthc  von  y  ist  der  Faktor 

nur  sehr  wenisf  von  der  Einheit  verschieden  und  conver^^irt  mit 
Avachsendem  y  sehr  rasch  gegen  dieselbe  ;  dasselbe  gilt  auch  von  ß, 
also  auch  von  ihrem  Producte,  welches  wir  der  Kürze  halber  mit  (o 
bezeichnen  wollen,  so  dass 
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W    l"i   ■  /  1  -  -2,i/\2 


(I_e-'2V)2 


Der  Faktor 


,-2(2--'^). 


hut,  wofern  ?/  >  0  j  0  <:  r  <:  /    und  0  ^  p  <:  l ,    nh  Funktion  von 
fj  betrachtet,  .schien  grö.ssten  Werth  fih*  p  —  l  ^  und  dieser  Werth  ist 


e-sci---  )î, 


Wir  haben  demnach 


Mod  {%.  lü)  ^  Mod  (  a  -1  )  iv.  c'-^^-T-»^  , 

gültig  für  jeden  der  Ungleichheit   0 
W  e  r  t  h  von  p  . 

Auf  dem   KreisboQ:en  A  C  B  ist 


p  <:  l  genügenden 


y  =  \^  ni^ir'^  +  ?//7r     aiuO  ; 


mithin 


Mod  P  ^  Mod  ( 


.-!)/ 


B 

C 
A 


CO  e 


2(1- 


V'w'^jr^  +  wTT    sinö 


(iö 


Die  beiden  Faktoren  unter  dem  Integralzeichen  sind  positiv  ;  es  ist 
desshalb  nach  dem  Mittelsatze  von  Cauchy 

C     e  i  dO  , 

wo  «„einen  gewissen  Mittel  werth  von  o)  auf  dem  Kreis- 
bogen A  C  B  bedeutet,  welcher  für  erhebliche  Werthe 
von  m  nahezu  gleich  Eins  wird,  und  mit  wachsendem  m 
gegen  die  Einheit   convergirt. 
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Es  ist  nun 

n'^  TT 


und 


-J       A 


,  -C  sin  e 


e  -^  ='"  "  dû  <:   je  ^  «'"  "  dO  . 


Ea  foliT^t  hieraus 


TT 


Mod  P  ^  Mod  (a-1)  •  0),'  ,yj-. ,■  . -7— ^-Tr— - 

gültig  für  jeden  der  Ungleichheit  ^  ^  p  "^l  genügenden 
Werth  von  p. 

Somit  erhalten  wir  für  jeden  der  Ungleichheit   0  :^ />  <  Z 
genügenden    Werth   von    p   die    Ungleichheit 


Mod  Q  +  Mod  V  ^  Mod  (a-1) 


A^miç 


TT 

mit  den  Zusätze,  dass  Oo  eine  für  erhebliche  Wer  the  von 
m  nahezu  der  Einheit  ü'leiche  und  mit  wachsendem  t\i 
gegen    E  ins    c  o  n  v  e  r  g  i  r  e  n  d  e    Zahl    bedeutet. 


§.  4. 


Wir  verstärken  die  Uni^leichheit 


Mod  à  <  — ?—    fp  Mod/(/?)  [Mod  Q  +  Mod  V^dp, 

v.l.  TT  '^Q 

dadurch  dass  wir  [Mod  Q  +  Mod  P]  durch  die  in  dem  vorangehenden 
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Paragra])li  ijachgewiesene  Zahl  ersetzen,  welche  die  Eigenschaft  hat, 
für  jeden  0  ^  /?  <  Z  genügenden  Werth  von  p  stets  grösser  als 
[  Mod  Q  +  Mod  P  ]  zu  sein  : 

Mod  J  ^^l —  •  Mod  (a-I)  T—/^  - 
—  r.l.ir  L^/  in-rr 

+  <^o  -971 rsr/^  2^77-^^^"  1  Sp  Mod /(/.)  dp. 

Den  grössten  Werth  von  Mod/(/j)  zwischen  den  Grenzen 
0  und  /,  welcher  der  Voraussetzung  nach  endlich  ist,  hezeichnen  wir 
mit  A  ;  so  ist 

Sp  Mod/(/^)  dp  ^  fp  A  dp 

0  0 

^     AI' 

wo  die  Gleichheit  stattfindet,  wenn  f(p)  constant  und  gleich  A  ist. 
Mithin  haben  wir  endlich 

Mod  J  <  — .  Mod  (a  —  1  )  •  ^  ^  1       .    -  -   +  «0  "öTl r'\ — /%    ,   1 

Lässt  man  nun  hierin  m,  die  Reihe  der  ganzen  Zahlen  durch- 
laufend, über  alle  Grenze  hinauswachsen,  wofern  0  -<  ?•  <  /  ist  ;  es 
foh>'t,  dass  Mod  à,  also  auch  J  selbst  verschwindet  zwischen  /•  =  0 
und  r  —  l  mit  Ausschluss  der  Grenzen,  wenn  die  Gliederzahl  m  ins 
Unendliche  wachst. 

Es  ist  somit  bewiesen  (Vergl  §.  2.  zu  Ende)  dass  die  Differenz 
der  beiden  Summen  v  -  v'  gleich  Null  ist  ;  d.  h.  dass,  da  v'  für  sich 
allein  conver2i;irt  und  mit  Ausschluss  der  Grenzen  r=0  und  r  —  l 
zwischen   denselben  /(r)  zur  Summe  hat,  dasselbe  also  auch   von  v 
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Sfilt.     Wir  o-elano^cn  also  zu  dem  Satzo 


Die  unendliche  Reihe 


hat  /(r)  zur  Summe  für  0  <  r  <:  /  mit  Ausschluss  der  Grenzen 
r  =  0  und  r  =  l. 


On   the    Composition    of  Bird-lime. 

by 

Edward  Divers,  M.D.,  F.R.S.  Prof., 

and 

Michitada  Kawakita,  M.E.,  F.C.S.  Assl.  Prof., 

Imperial  University. 


Bird-lime  seems  never  to  have  been  examined  to  the  extent  to 
yield  results  deemed  worthy  of  publication,  until  the  year  1884,  when 
J.  l*ersonne  made  known  those  of  his  father's  and  his  own  examination 
of  it  in  the  Comptes  rendus,  98,  1585.  When  that  paper  appeared  we 
ourselves  had  been  for  some  time  occupied  with  the  investigation  of 
Japanese  bird-lime,  and  had  already  obtained  results,  which  proved  to 
be  in  o;eneral  ao;reement  with  those  of  Personne's  examination,  and 
yet  sufficiently  unlike  them,  and  in  some  respects  in  advance  of  them, 
to  lead  us  to  continue  our  work,  although  he  promised  farther  atten- 
tion to  the  subject.  I^p  to  the  present  date,  however,  nothing  more 
from  him  has  appeared,  and  we  now  otfer  this  paper  as  an  extension 
and  partial  confirmatioîi  of  liis  observations. 

Bird-lime,  or  Tori-mocJii,  is  prepared  in  Japan,  just  as  it  is  in 
Northern  Europe,  from  a  species  of  holly,  by  macerating  and  pound- 
ing its  inner  bark  in  water,  afterwards  picking  out  the  fragments  of 
crushed  tissues  from  the  viscid  mass.  Bird-lime  exists,  ready-formed 
in  the  bark,  in  great  abundance,  and  is  not  apparently  modified  in 
any  way  by  fermentative  action  during  its  preparation.      In  Europe 
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it  is  prepared  from  the  Common  or  Prickly -lecaved  Holly,  (Ilex  Aqiii- 
foliani),  bat  in  Japan  it  is  obtained  from  Mochi  no  hi,  the  7.  intégra  of 
Thunberg,  (Prinns  intégra,  H.  &  A.).  We  are  not  familiar  with  bird- 
lime as  prepared  in  Europe,  but  judging  from  descriptions,  Japanese 
bird-lime  is  like  it,  except  perhaps  in  not  having  a  greenish  hue, 
though  of  that  even  we  are  not  certain,  since  the  Japanese  product 
may  well  have  it  sometimes,  when  quite  freshly  prepared.  Bird-lime 
is  extensively  used  in  Japan,  as  in  Europe,  for  catching  birds  and 
insects,  and  with  the  usually  attendant  cruelty. 

In  manuals  of  economic  botany  we  find  enumerated  as  peculiar 
constituents  of  the  holly,  a  bitter  principle  named  ilicine,  an  aromatic 
resin,  and  bird-lime  itself.  In  the  account  of  bird-lime  given  in 
Ure's  Dictionarg,  the  true  substance  is  not  well  distinguished  from 
the  viscid  matter  of  Mistletoe,  (Viscum  album),  examined  by  Reinsch, 
from  which  it  appears  to  be  entirely  different. 

Some  properties  of  (Japanese)  bird-lime. 

Bird-lime  is  pale  greyish,  nearly  opacpie,  of  faint,  peculiar  odour, 
almost  tasteless,  soft,  elastic,  tenacious  and  very  adhesive  to  dry  sur- 
faces, and  slightly  lighter  than  water.  It  can  be  preserved  in  water 
f)r  an  indefinite  time  without  change,  except  on  its  upper  surface. 
Exposed  to  air  it  very  slowly  turns  brown  outside,  and  becomes 
coated  with  a  thin  brittle  skin.  Heated  moderately,  it  gives  off  water, 
and  above  100°  froths,  through  disengagement  of  steam.  By  the 
loss  of  its  moisture  it  becomes  transparent,  brown,  and  wdiile  hot,  of 
the  consistency  of  cold  oil.  If  now  allowed  to  cool,  it  retains  its 
transparency,  and  forms  a  soft  solid  mass,  elastic,  tenacious,  and 
sticky,  as  before,  somewhat  resembling  Canada  balsam  in  appearance. 

Ether,  carbon  l^isulphide,  chloroform,  light  petroleum,  and  ben- 
zene dissolve  bird-lime,  leaving  a  residue  which,  though  of  not  in- 
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considerable  volimie,  is  of  little  weight.  Cold  alcohol  scarcely  dis- 
solves it  at  all,  and  even  hot  alcohol,  which  has  some  solvent  action 
at  first,  attacks  merely  the  surface-portion  of  the  mass.  The  alcohol 
solution  deposits,  as  it  cools,  a  nearly  colourless,  transparent,  adhesive 
matter,  little  ditferent  from  purified  bird-lime  itself.  Ether  is  much 
to  be  preferred  to  other  solvents,  because  it  yields  a  clear  solution, 
whereas  carbon  bisulphide  and  the  rest  give  milky  liquids,  owing  to 
the  presence  of  water.  The  ether  solution  mixed  with  alcohol  be- 
comes turbid  and  deposits  a  tenacious  mass. 

Freed  from  water  and  particles  of  woody  fibre,  bird-lime  under- 
goes, when  heated,  scarcely  any  change  up  to  about  350°,  only  becom- 
ing slightly  fluorescent  and  a  little  darker  in  colour,  and  acquiring  a 
feeble  waxy  odour.  But  about  the  melting  point  of  zinc,  it  suffers 
destructive  distillation,  in  which  most  of  it  comes  over  as  fatty  acids 
and  fluorescent  hydrocarbons  of  waxy  and  mild  empyreumatic  odour 
and  buttery  consistence,  very  little  permanent  gas  being  formed,  and 
only  a  small  carbonaceous  residue  being  left.  Bird-lime  burns  in  the 
air  with  a  bright  smoky  flame. 

It  is  not  very  sensitive  to  reagents.  Sulphuric  acid  dissolves  it 
slowly,  forming  a  red  liquid,  which  blackens  only  when  heated,  and 
which  gives,  when  poured  into  water,  a  viscid  precipitate  like  bird- 
lime, but  dark  coloured.  Boilino-  nitric  acid  of  moderate  strenîî^th 
slowly  dissolves  it,  with  partial  oxidation,  this  solution  also  precipitat- 
ing with  water.  The  sulphuric-acid  solution  poured  into  concentrated 
nitric  acid  yields  on  addition  of  water  a  precipitate  of  a  feebly  nitrated 
mixture  of  bodies.  Aqueous  solutions  of  potassium  hydroxide  only 
slowly  and  slightly  emulsify  bird-lime.  Fusion  with  the  hydroxide 
is  attended  with  much  darkening  in  colour  and  leaves  a  mass  which 
emulsifies  in  water.  Potassium  hydroxide  in  hot  spirit  slowly 
dissolves   the  greater  part  of  purified  bird-lime,  producing  a  dark-. 
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coloured  solution.  In  this  way,  that  is,  by  continued  boiling  with 
strong  alcoholic  potash,  bird-lime  has  been  attacked  by  both  Personne 
and  ourselves,  in  order  to  determine  its  composition. 

The  Constituents  of  bird-lime. 

Personne  has  found  bird-lime,  prepared  from  I.  Aqnifolinm,  to 
contain  water  27 ,  and  vegetable  debris  and  calcareous  salts  23  parts  per 
cent.,  the  remaining  and  essential  part  being  some  caoutchouc^  the 
Compound  ether,  or  ethers,  of  a  new  alcohol.,  and  other  matters  undeter- 
mined. The  acids  or  acid  forming  the  ethers  were  also  not  deter- 
mined by  him.  He  isolated  the  caoutchouc  by  saponifying  the  ethers 
with  alcoholic  potash,  which  left  it  undissolved. 

Japanese  bird-lime  is  much  cleaner  than  that  described  by 
Personne,  containing  only  2  per  cent,  of  dry  bark  fragments,  and 
no  separate  lime  salts.  But  its  water-content  is  larger,  (probably 
because  it  is  kept  in  stock  underwater),  the  percentage  lost  at  110°- 
120°  being  38.  Caoutchouc  forms  about  6  per  cent.,  leaving  54  per 
cent,  as  the  proportion  of  compound  ethers  and  allied  matters. 

The  bark,  etc. — Of  the  23  parts  per  cent,  found  in  French  bird- 
lime by  Personne,  some  13  parts  consisted  of  calcium  oxalate.  On 
boiling  out  the  bark  fragments  from  Japanese  bird-lime  with  sodium 
carbonate,  some  oxalate  was  dissolved  out  but  only  in  small  quantity. 
The  bark  burnt  to  ashes  gave  as  much  as  6.3  per  cent,  of  ash,  princi- 
pally calcareous  and  largely  phosphate,  but  with  of  course  some 
carbonate.  But  as  the  whole  ash  was  only  one-eighth  per  cent,  of 
the  entire  bird-lime,  and  as  only  a  little  of  the  calcium  salts  was 
oxalate,  Japanese  differs,  in  this  respect,  remarkably  from  French 
bird-lime. 

llie  caoutchouc. — As  we  have  stated,  the  caoutchouc  can  be  sepa- 
rated by  boiling  out  the  purified  bird-lime  with  alcoholic  potash,  and 
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this  is  the  best  way  of  proceeding.  It  is,  however,  difficult  to  get 
quite  free  from  potash,  and  needs,  to  this  end,  to  be  repeatedly  dis- 
solved in  ether  and  reprecipitated  by  alcohol.  The  caoutchouc  can 
also  be  separated  by  dissolving  the  bird-lime  in  ether  and  precipitat- 
ing the  solution  with  95  ^/o  spirit,  but  then  only  very  imperfectly, 
because  the  main  constituent  of  the  bird-lime  also  precipitates  partly. 
The  caoutchouc  of  bird-lime  is  pale  yellow  and  transparent,  highly 
elastic,  and  when  heated  evolves  the  well-known  penetrating  odour. 
A  combustion  analysis  of  it  gave  us  carbon  86.56,  and  hydrogen 
11.31  per  cent.,  so  that  oxygen  to  the  extent  of  2  per  cent,  was 
present.  Before  weighing  it  out,  it  had  been  kept  for  some  time  at 
120''-  130°.     It  left  when  burnt  a  trace  of  ash. 

Other  and  principal  constituents  ofhird-lime. — AVe  have  not  fully 
isolated  these  by  proximate  analytical  methods,  l)ut  their  general 
properties  appear  to  be  those  of  the  partially  purified  bird-lime.  For 
when  a  boiUng  spirit-solution  of  bird-lime  is  evaporated  and  cooled, 
and  aii'ain  when  an  ether-solution  of  bird-lime  is  mixed  with  a  little 
alcohol,  to  separate  the  caoutchouc,  and  then  evaporated,  in  both  cases 
the  solid  matter  obtained  is  quite  like  the  partially  purified  bird-lime, 
except  in  being  without  colour  when  deposited  from  the  cooling 
spirit  solution. 

Products  of  the  saponification  of  hird-Uine,  and  their  isolation. — 
Saponification  with  alcoholic  potash  yields,  besides  the  residual  caout- 
chouc, firstly,  the  potassium  salt  of  palmitic  acid  and  a  very  little  of 
that  of  a  semi-solid  acid  which  we  have  been  unable  to  purify  or 
identify  ;  secondly,  tiro  cnistalline  alcohols  ;  and  thirdly,  a  small 
quantity  of  a  resinoïd  body.  The  separation  of  these  bodies  may  be 
carried  out  in  somewhat  different  ways,  and  is  unavoidably  tedious. 
The  purified  bird-lime  is  boiled  for  two  hours  with  potash  and  95  ^o 
spirit,  in    a    fiask    fitted    with  a  condenser  ;    the    alkaline    solution. 
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decanted  from  the  cuoutchouc,  is  poured  into  dilute  spirit,  by  wliich  a 
voluminous,  gelatinous  precipitate  is  produced,  consisting  of  the 
alcohols  with  some  of  the  resinoïd  body  and  potassium  palmitate. 
The  precipitate  is  well  broken  up  by  stirring,  collected  on  a  cloth 
filter,  pressed,  and  washed  with  dilute  spirit.  The  washing  can  only 
])e  very  imperfectly  etfected.  Three  ways  of  proceeding  from  this 
point  have  been  practised  by  us. 

In  one  the  precipitate  is  diifused  through  dilute  spirit,  and 
stirred  well  and  warmed  witli  calcium-chloride  solution.  The  now 
much  less  voluminous  precipitate  is  repeatedly  washed  with  water, 
dried,  and  extracted  with  ether,  which  leaves  the  calcium  palmitate 
undissolved.  Spirit  of  95%  may  be  used  in  place  of  ether,  but  as 
it  dissolves  out  a  little  calcium  salt  its  use  is  less  satisfactory.  On 
evaporating  the  ether  (or  spirit)  the  alcohols  and  resinoïd  body  are 
obtained.  A  second  way  of  proceeding  is  to  warm  the  precipitate 
with  water  and  hydrochloric  acid,  until  it  has  shrunken  to  a  small 
volume,  wash  repeatedly  with  water,  press,  dry,  and  extract  with 
light  petroleum,  which  dissolves  out  the  palmitic  acid  and  some 
of  the  resinoïd  body,  and  leaves  behind  all  the  alcohols  and  the  rest 
of  the  resinoïd  body.  After  proceeding  in  either  way,  the  resinoïd 
body  is  separated  by  repeated  extractions  with  warm  80  %  spirit. 
A  small  quantity  of  the  alcohols  at  the  same  time  dissolves,  and  may 
be  partly  recovered  by  precipitation  with  a  very  little  water  and 
extracting  the  precipitate  with  80%  spirit.  The  third  way  of 
proceeding,  which  is  simpler  in  execution  than  the  others,  but  much 
less  effective,  is  to  use  70-80  %  spirit  in  place  of  the  light  petroleum, 
in  the  second  way  of  work.  This  dissolves  out  the  resinoïd  body  as 
well  as  the  palmitic  acid. 

Personne's  method  of  procedure  is  to  pour  the  product  of  saponi- 
fication into  water,  to  wash  the  precipitate  with  much  water,  treat  it 
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with  acetic  acid  to  neutral  reaction,  again  \Yash,  dry,  dissolve  in  hot 
90%  spirit,  cool,  and  crystallise  out  from  the  solution  the  bird-lime 
alcoliol.  This  method  we  have  not  found  to  work  well,  because  of 
the  great  difficulty  in  washing  properly  the  voluminous  gelatinous 
precipitate,  and  in  just  neutralising  it  with  acetic  acid.  This  precipi- 
tate contains,  besides  the  alcohols  and  resinoïd  body,  much  acid 
potassium  palmitate,  to  which  indeed  its  bulky  state  is  partly  due, 
and  we  have  found  it  far  preferable  to  convert  the  potassium  palmitate 
either  into  the  calcium  salt  or  into  free  acid,  as  jibove  described. 
Personne  seems  not  to  have  recognised  the  presence  of  any  fatty  salt 
in  the  precipitate  of  the  alcohols. 

Separation  of  the  alcohols  from  each  other,  and  their  petrification. — 
The  crude  solid  alcohols  can  only  be  fully  separated  from  each  other 
by  fractionated  extraction  with  strong  spirit,  repeated  until  products 
are  obtained  of  constant  melting-point.  The  alcohols,  already  treated, 
as  described,  with  SO  "/<>  spirit  to  remove  the  resinoïd  body,  are 
warmed  with  successive  portions  of  spirit  increasing  in  strength 
from  about  85  ^o  to  over  90 ''/o,  each  portion  of  the  solvent  deposit- 
ing crystals  of  the  alcohols  as  it  cools,  and  each  mother-liquor,  by 
successive  evaporations,  yielding  a  series  of  other  crystalline  deposits, 
all  similar  in  appearance.  When  the  last  mother-liquors  are  too 
small  in  quantity  and  too  impure  to  yield  a  satisfactory  product  by 
further  evaporation,  they  are  rejected  or  worked  up  for  the  little 
resinoïd  body  they  contain.  The  portions  of  the  alcohols  least 
soluble  in  spirit  consist  principally  of  the  one  alcohol,  and  those  most 
soluble,  of  the  other  alcohol.  The  intermediate  portions  yield  by  re- 
newals of  the  treatment  with  spirit  other  series  of  deposits  of  higher 
and  lower  degrees  of  solubility,  the  extremes  of  which  are  the  two 
alcohols  nearly  free  of  each  other.  The  portions  of  the  less  soluble 
alcohol   are  submitted  to  further  fractionation,  until  the  part  undis- 
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solved  by  hot  90  ^jo  spirit,  and  that  dissolved  and  deposited  by  it  on 
cooling  have  the  same  melting  point.  It  is  tlien,  finally,  dissolved 
in  hot  95  ^o  spirit,  crystallised  out,  and  again  tested  as  to  its  melting 
point.  The  crystalline  deposits  most  soluble,  and  consisting  principally 
of  the  more  soluble  alcohol,  require  much  further  fractionation,  in 
order  to  sejDarate  the  less  soluble  alcohol  on  the  one  side,  and  the 
resin  Old  body  on  the  other,  and  the  ultimate  yield  of  the  pure  alcohol 
becomes  very  small.  In  fractionating  it  out,  spirit  of  85  %  is  used, 
but  finally  this  alcohol,  like  the  other,  is  to  be  crystallised  out  from 
95  °/o  spirit,  in  order  to  get  good  crystals. 

Personne  observed  the  comparative  insolubility  of  the  solid  alco- 
hol in  80  Yo  spirit,  but  making  no  use  of  this  fact,  he  purified  the 
cake  of  crude  solid  alcohol  by  repeated  crystallisations  from  boiling 
90  "/o  spirit.  During  the  purification  he  met  with  a  body  of  peculiar 
form,  visible  under  the  microscope  and  less  soluble  than  the  solid 
alcohol  in  spirit,  and  this  he  found  to  be  gradually  removed  by 
repeated  crystallisations.  We  have  met  with  no  such  substance  in 
Japanese  bird-lime. 

Piivification  of  the  rcsinoid  hoihj. — This  is  found  mainly  in  the 
80  Yo  spirit  used  to  wash  the  crude  alcohols  after  they  have  been 
separated  from  palmitic  acid.  AVhen  this  separation  has  been  efiected 
in  the  second  way,  the  spirit  contains  also  some  fatty  acids.  The 
light  petroleum  used  to  dissolve  out  palmitic  acid  also  contains  some  of 
the  resinoïd  body.  In  order,  therefore,  to  separate  palmitic  acid,  the 
residue,  after  evaporating  the  spirit  or  the  petroleum,  is  dissolved  in 
alcoholic  potash,  the  palmitic  acid  precipitated  with  calcium  chloride, 
water  added,  and  the  precipitate  washed,  dried,  and  extracted  with 
ether.  Evaporation  of  the  ether  leaves  the  resinoïd  body  still  mixed 
with  some  of  the  alc(jhols,  but  free  from  any  fatty  acid.  The  impure 
product  is  dissolved  in   strong  spirit,  and   left  to  evaporate  slowly. 
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The  alcohols  separate  as  indistinctly  crystalline,  opaque  matter,  while 
the  resin  forms  a  translucent,  gammy  deposit,  still  containing  spirit, 
on  the  bottom  and  sides  of  the  vessel.  The  resin  is  redissolved  in 
spirit  and  tlie  solution  left  to  evaporate.  Repeating  these  operations 
several  times  yields  it  in  a  condition  in  which  it  shows  no  longer  any 
tendency  to  deposit  crystalline  matter. 

Separation  and  purißcatiou  of  the  fattij  acids. — By  far  the  greater 
part  of  the  fatty  salts  remains  dissolved  when  the  saponified  bird-lime 
solution  is  poured  into  dilute  spirit.  The  filtrate  and  washings  from 
the  gelatinous  precipitate  of  alcohols  are  diluted  with  water,  mixed 
with  liydrochl(3ric  acid,  and  warmed,  in  order  to  separate  the  fatty 
acids.  By  similar  and  well-known  methods  the  portions  of  these 
acids  precipitating  with  the  bird-lime  alcohols  can  Ije  recovered,  after 
separating  them  as  calcium  salts  from  the  alcohols  and  resinoïd  body, 
and  added  to  the  main  quantity.  The  crude  fatty  acids  which,  when 
cold,  form  a  soft,  brown,  solid  msss,  are  dissolved  in  alcoholic  potash 
and  precipitated  again  with  calcium  chloride  ;  the  calcium  precipitate 
is  washed  with  spirit  wliich  removes  chlorides  and  some  colouring 
matter,  as  well  as  some  of  the  calcium  salt  of  the  soft  fatty  acid;  the 
precipitate  is  then  washed  with  ether,  which  dissolves  out,  more 
easily  than  the  spirit,  most  of  the  remaining  colouring  matter  and 
calcium  salt  of  the  soft  fatty  acid  ;  lastly,  it  is  heated  with  hydrochloric 
acid  and  water,  in  order  to  get  the  crude  palmitic  acid.  Repeating 
these  operations  once  or  twice,  and  finally  crystallising  it  from  its 
spirit-solution,  gives  the  palmitic  acid  pure.  The  s[)irit  and  ether 
washings  of  the  calcium  precipitate  yield  by  appropriate  treatment 
the  semiliquid  acid,  still  in  an  impure  condition. 

I'almitic  acid  can  als(3  be  prepared  from  bird-lime  by  destructive 
distillation.  Its  purification  from  hydrocarbons  by  w\ay  of  saponifi- 
cation, presents  no  great  difficulty,  and  need  not  be  described. 
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TliG  alcohols  of  bird-limo. 

To  one  of  the  two  nicohols  of  bird-lime  we  give  the  name  mochylic 
a!coli.ol^  formed  from  the  Japanese  word  mochi  for  (bird)  lime  or  gluti- 
nous matter,  and  to  the  other  we  attach  the  name  iUctjUc  alcohol, 
cs:ientially  the  same  as  ilicic  alcohol  given  by  Personne  to  the  single 
alcohol  described  by  him,  but  framed  more  in  accordance  with  the 
accepted  nomenclature  for  alcohols.  Our  ilicylic  alcohol  differs  but 
little  from  Personne's  ilicic  alcohol. 

Both  the  alcohols  of  bird-lime  are  obtained  in  tufts  of  small, 
slender,  lustrous  prisms,  and  are  distinguishable  from  each  other  only 
in  solubility,  in  melting  point,  and  in  composition. 

Mochiilic  alcohol  occurs  much  more  abundantly  than  ilicylic 
alcohol.  It  dissolves  well  in  95-98  %  spirit,  but  is  almost  insoluble 
in  80%  spirit.  It  is  very  little  soluble  in  petroleum  spirit  in 
the  cold,  is  readily  soluble  in  ether,  and  dissolves  also  in  concentrated 
sulphuric  acid,  to  which,  like  bird-lime  itself,  it  imparts  a  red  colour. 
It  melts  at  234°  C  and  decomposes  under  atmospheric  pressure  at  a 
little  below  the  melting  point  of  zinc,  the  principal  product  being  a 
viscid  matter,  apparently  the  hydrocarbon  to  be  described  among  the 
products  of  the  destructive  distillation  of  bird-lime.  In  a  vacuum  it 
sublimes  slightly  at  a  little  above  160°,  and  freely  and  entirely  near 
and  above  its  melting  point,  without  decomposing,  or  changing  in 
melting  point.  Heated  with  palmitic  acid  in  a  sealed  tube  to  150- 
160°  it  yields  a  body  indistinguishable  in  essential  properties  from 
bird-lime,  a  sticky  transparent  matter,  readily  soluljle  in  ether,  but 
nearly  insoluble  in  the  strongest  spirit.  Our  atteinpts  to  form,  by 
acetic  oxide  or  chloride,  mochyl  acetate  have  been  unsuccessful. 

llicijUc  alcohol  differs  from  mochylic  alcohol  in  melting  at  172°, 
and  in  being  moderately  soluble  in  85  -  90^0  spirit,  though  almost 
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insoluble  in  80  "/o  spirit.  It  l)egins  to  volatilise  in  a  vacuum  below 
150°,  and  sublimes  freely  near  its  melting  point  in  beautiful  tiifts  of 
needles,  still  melting  at  172°.  Heated  witb  palmitic  acid  it  also 
forms  a  body  like  bird-lime.  It  fails  apparently  to  yield  an  acetate, 
even  after  long  heating  at  150-170°  with  acetic  oxide,  in  which  when 
hot  it,  as  also  mochylic  alcohol,  readily  dissolves,  partly  crystallising 
out  again  unchanged  on  cooling,  and  partly  becoming  a  dark  viscid 
matter  not  acetate.  Personne  found  his  ilicic  alcohol  to  yield  a 
crystalline  acetate  with  acetic  oxide,  melting  at  204°-6°.  The  melt- 
ing point  of  Personne's  ilicic  alcohol  was  175°,  and  its  boiling  point 
above  350°,  but  under  the  reduced  pressure  of  100  mms.  it  began  to 
sublime  at  115°.  In  appearance  and  in  behaviour  to  spirit  of  different 
strengths,  it  was  like  our  ilicylic  alcohol.  ]5oth  mochylic  and  ilicylic 
alcohols  dissolve  in  a  mixture  of  sulphuric  and  nitric  acids,  and  from 
the  solution  water  separates  a  gelatinous  matter,  readily  soluble  in 
spirit,  and  puffing  only  slightly,  when  dried  and  heated. 

Chemical  composition  of  the  two  alcohols, — Combustion  of  the  two 
alcohols  has  given  us  the  following  results: — 

Mochylic  alcohol,  m.  p.,  234° 

I.  II.  III.  C^eH^eO. 

Carbon  83.37  83.39  83.28  83.42 

Hydrogen  12.29  12.16  12.38  12.30 

Oxygen  4.28 

100.00 


llicijlic  alcohol^  m.  p.,  172° 

I.  II.  a,H3,o 

Carbon  83.09  82.98  83.02 

Hydrogen  11.93  11.92  11.95 

Oxygen  5.03 

100.00 
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Illcic  alcohol,  m.  ]).,  175°  (Personne'«  analyses). 

I.  II.         III.  IV.         V.        Mean    G„H.hO 

Carbon  83.25     83.61     83.48     83.07     83.40     83.3G     83.33 

Hydrogen       12.18     12.44     12.17     12.24     11.98     12.20     12,22 
Oxygen  4.45 

100.00 


It  will  bs  seen  that  Personne's  numbers  vary  rather  widely,  but 
fall  for  the  most  part  between  those  obtained  by  us  for  our  two 
alcohols.  It  will  also  be  seen  that  the  formula  he  has  proposed,  as 
agreeing  best  with  the  mean  of  his  analyses,  is  that  of  a  homologue 
of  our  alcohols,  the  general  expression  being  0^  Hgu.ß  0.  As  he 
worked  upon  bird-lime  from  a  species  of  Ilex  different  from  that 
which  yields  Japanese  bird-lime,  it  cannot  for  the  present  be  decided 
whether  ilicic  alcohol  is  distinct  from  the  alcohols  here  described. 

The  resin  Old  component  of  bird-lime. 

The  resinoïd  l)ody  is  obtained  in  pale-yellow  fragments  which 
are  brittle,  and  not  sticky  like  bird-lime.  It  melts  at  110°,  and  does 
not  volatilise  when  heated  to  220°  in  a  vacuum.  Above  360°  it 
darkens,  boils,  and  distils  without  much  apparent  change.  It  is  very 
soluble  in  spirit,  even  of  only  80  ^o  strengtli,  also  in  ether.  When 
its  spirit  solution  is  evaporated  by  heat  sufficiently,  it  separates  from 
its  solvent  as  a  viscid  liquid  still  containing  spirit,  which  evaporates 
by  further  heating  below  100°.  Its  solubility  in  spirit  is  not  in- 
creased by  the  presence  of  potassium  hydroxide.  Heated  with  the 
solid  hydroxide  barely  to  the  melting  point,  it  slowly  combines  with 
it,  probably  at  the  same  time  absorbing  oxygen.  The  cooled  mass 
wholly  dissolves  in  water  from  which  hydrochloric  acid  precipitates 
a  gelatinous  body  very  brittle  when  dried.  We  have  not  farther 
examined  it,  ïov  want  of  material. 
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When  bird-lime  is  kept  for  a  long  time,  a  thin  brittle  skin  forms 
on  its  surface,  which  is  readily  soluble  in  spirit.  This  skin  consists 
probably  of  the  resinoïd  body.  If  it  docs  not,  then  Ave  have  no  evidence 
as  to  whether  the  resinoïd  body  is  produced  during  the  saponification 
of  the  bird-lime,  or  exists  in  it  ready-formed,  as  the  result  of  slow 
atmospheric  oxidation. 

In  composition  the  resinoïd  body  differs  from  mochylic  alcohol 
only  in  having  two  atoms  less  of  hydrogen,  as  the  following  analyses 
and  calculation  show: — 

I.  II.  C,oH,,0 

Carbon  83.79  83.66  83.87 

Hydrogen  11.80  11.92  11.83 

Oxygen  4.30 

100.00 


The  fatty  acids  of  bird-lime. 

The  fatty  acids  of  bird-lime  are  two,  as  already  stated,  palmitic 
acid,  and,  in  small  quantity  only,  a  semi-liquid  acid,  the  calcium  salt 
of  which  is  soluble  in  spirit  and  in  ether.  This  acid  has  not  been 
further  examined.  The  other  shows  all  the  characters  of  palmitic 
acid.  Melting  point,  61.5°.  Analysis  (I.)  of  acid  prepared  by 
saponification,  and  (  II.)  of  acid  obtained  by  destructive  distillation  of 
purified  bird-lime: — • 

I.  II.  Palmitic  acid. 

Carbon  74.98  74.86  75.00 

Hydrogen  12.67  12.55  12.50 

Oxygen  12.50 

100.00 

The  potassium  salt  yielded  13.3  per  cent,  of  potassium. 
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Products  of  destructive  distillation  of  bird-lime. 

These  have  been  already  enumerated,  so  far  as  their  nature  iä 
known  to  us,  and  the  result  of  analysis  of  the  pahnitic  acid  hns  just 
been  tabulated.  The  principal  hydrocarbon,  distilling  next  after  the 
palmitic  acid,  was  prepared  from  the  middle  portion  of  the  distillate, 
by  treating  it  with  hot  spirit  so  as  to  leave  about  half  undis- 
solved. This  was  then  washed  with  cold  spirit.  The  hydrocarbon 
thus  left  Avas  a  thick  oil,  slightly  yellow,  but  free  from  fluorescence. 
On  analysis,  it  gave  numbers  agreeing  with  the  formula,  C2JI41: — 

Found  Calculated 
Carbon                                          87.59  87.64 

Hydrogen  12.49  12.36 

100.08  100.00 

Apparently  the  same  body  is  obtained  by  distilling  mochylic  alcohol 
at  the  ordinary  atmospheric  pressure.  The  decomposition  of  the 
main  constituent  of  bird-lime  by  heat  may  therefore  be  thus  re- 
presented:— 

Mocbyl  palmitate. 

C42  H76  O2  =  CjG  H^j  +  C16  H32  O2 
and  the  decomposition  of  mochylic  alcohol  by — 

CgG  H^Q  0  =  Cog  H^i  -f  H2  0 . 

The  last  fractions  of  the  distillate  consisted  of  hydrocarbons 
yielding  nearly  91  per  cent,  of  carbon.  No  attempt  was  made  to 
isolate  the  caoutchouc  hydrocarbons  present,  no  doubt,  in  the  mixture. 

Constitution    of   bird-lime. 
Bird-lime  is   closely  allied  to  the  waxes,  and  consists  principally 
of  mochjl  and  ilicijl  pahnitatcs,  C^o  H/g  Oo  and  C33  Hya  0, . 
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With  Plate  I. 


The  AnorHiite-crv.stuls  which  form  tlie  subject  of  the  ]»re8eijt 
cominnniciition  were  collected  l)y  Messrs,  S.  Okiil)o  and  X.  <Jkada  of 
the  Iinnerinl  University  (m  the  Island  of  Mivake.  forniino"  one  of  the 
Shichiîô  or  Seven  Islands  Group,  situated  to  the  soutli  ofthelzu 
iDeninsuln.     Mv  best  thanks   are  due  to   those  o'entlenien  for  kindlv 
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placing  the  specimens  at  my  disposal. 

The  Shichiîô  Group  is  part  (^f  a  chain  of  volcanoes  of  which 
Fuiivama  is  the  hio;liest,  h:ivin2r  its  orioin  in  Central  Ja])an.and  stretch- 
ing  in  a  SSE  direction  toward  the  Ladrone  Islands  in  the  North 
Pacific.  The  volcano  on  the  Island  of  ]\Iivake  is  kn(^wn  to  have 
erupted  occasionally  within  ]nstori<'al  times.  The  last  of  tliese  erup- 
tions took  place  in  the  3rd  «^f  July  1874  (7th  year  of  Meiji)  and  de- 
stroyed by  a  lava-flow,  a  place  called  Tö^ö  in  the  villaoe  of  Kamitsuki. 

The  Anorthite-crystals  here  descrilied  are  fourid  forming-  a 
primary  constituent  (^f  a  basaltic  lava.  It  is  iKuvever  remarkable, 
that  these  crystals,  besides  entering  into  the  por[)liyritic  constituerit 
of  the  lava,  are  f(mnd  scattered  on  the  lava-field  formed  by  the  erup- 
tion just  mentioned,  as  well-defined  separate  crystals,  in  a  luanner 
which  admits  of  no  doubt  as  to  their  having  been  thrown  c>ut  of  the 
crater  as   such.*        A.  Penckt   has  indicated   the   pi)ssibility  of  such 


*  During  a  recent  visit  to  Siilplmr  Islau^l,  I  have  obssrvetl  the  same  phenomenon.  Felspar 
crystals,  the  nature  of  which  awaits  further  investigation,  are  fauml,  covered  with  a  black  hxva- 
crast,  and  forming  a  loose  superficial  layer  in  the  vicinity  of  a  volcano  on  that  Isliud. 

t  Studien  über  lockere  vulkanische  Auswürfiiuge— Zeitschft.  d.  deutsch,  geol,  üesellft.  Bd.  30 
1874.  p.  124. 
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crystal-ejections  near  tlie  crater  of  a  volcano.  A  case  analogous  to 
that  here  described  is  met  with  in  the  eruptions  of  Vesiivins;  crystals 
of  Leucite  wliicli  there  play  tlie  role  of  Felspar,  h.-ing  sometimes 
esjected.  Tims  Leucite  eruptions  continued  from  April  1845  to 
January  1849,  according'  to  Scacchi,*  who  considers  these  well- 
defined  Leucite  crystals  as  beino;  derived  from  the  refusion  of  the 
crystals  already  formed  in  tlie  older  lava  within  the  volcano. 

From  the  basic  character  of  the  Anorthite  it  is  to  be  inferred  that 
it  had  early  crystallized  out  of  the  magmn,  and  that  the  crystals  thus 
formed  were  ejected  while  the  latter  was  still  in  a  liquid  condition  ; 
the  heavier  crystals  falling  near  the  crater,  while  the  lighter  portions 
of  the  ejected  matter  were  carried  further  off.  On  this  account,  they 
have  always  a  thin  vesicular  coating  of  lava,  the  interi(»r  however 
remaininnf  uniniured. 

Similar  kinds  of  crystals  have  also  been  broujjht  from  the  other 
islands  of  the  Shichitö  Chain,  viz.  Oshima  (Yries  Lsland)  and 
Hachijö. 

Most  of  the  specimens  of  lava,  which  I  have  seen  are  of  a  black 
colour,  and  have  a  porphyritic  structure,  mostly  porous  but  some- 
times very  compact.  The  porphyritic  ingredients  are  Anorthite- 
crystals  of  the  Microtine  type,  and  Olivine,  usually  in  the  form 
of  rounded   grains,   and   very  rarely   showino-   crystal-f)rm,  as    S.  v. 

CD  /  •'  *  O  «  ■ 

Waltershausen  t  observed  on  the  Olivine  in  the  lava  of  Etna.  A  coat- 
ing of  red  iron  oxide  is  always  f nmd  on  these  Olivine  grains,  often 
assuming  a  brilliant  metallic  lustre.  Microscopically  examined,  the 
ground-mass  is  seen  to  consist  of  a  microcrystalline  airsrreofate  of 
Felspar  and   Magnetite,    with    sometimes    microcrystals   of  Apatite. 

*  Ueber  den  Ursprung  der  vulkanisclien  Asche. — Anszu»  by  Rammelsberg  in   Zeitschft.  d. 
dentscb.  geol.  Gesellschft.     Bd.  24.  187'2.  p.  5J8. 
t  Vulkauische  Gesteine  in  Sicilien  ixnd  Island,    p.  161, 
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Generally  a  brown  coloured  glass  basis  is  found  between  these  crystals. 
Anorthite,  Olivine,  and  Augite  CiMistitiite  the  essential  microscopic 
porphyritic  components.  The  order  of  crystalliziition  of  these  com- 
ponents can  pretty  certainly  be  described  as  follows:  —  Aj^atite, 
Magnetite,  Olivine,  Anorthite,  and  Augite.  A  specimen  of  Basalt- 
glass  or  Tachylite  is  also  known.  Under  the  microscope,  it  is  found 
to  consist  of  a  brown  glass,  in  which  well-defined  crystals  of  Anor- 
thite, Augite-microliths,  Olivine  and  Magnetite  are  developed.  The 
recent  lava  of  Miyake  may  therefore  be  called  Anorthite-basalt. 

The  volcanic  rock  composing  the  upper  part  of  Fujiyama  is, 
according  to  Lüdecke  and  AYada,*  Anorthite-basalt.  It  is  probable 
that  this  rock  constitutes  most  of  the  lavas  of  comparatively  recent 
eruptions  in  the  volcanoes  of  the  Shicliitö  Group.  The  chemical 
analysis  of  the  Anorthite  forming  the  porphyritic  component  of  the 
rock  f(jund  near  Tönosawa,  situated  within  the  extinct  volcano  of 
Hakone,  was  first  published  by  Wada.*  But  unfortunately  the 
crystaîlographic  and  optical  characters  could  not  be  well  investigated 
because  of  the  nature  of  these  crystals.  Certain  glassy  Felspar  crystals 
which  had  been  brought  from  the  Island  of  Oshima  and  known  as 
Saiiidine,  were  found  on  examination  to  be  completely  identical  with 
the  specimens  from  Miyake.  Dr.  E.  Xaumannt  states  in  his  account 
of  the  Island  of  Oshima,  that  Sanidine  crystals  occur  very  abundantly 
in  the  lava  of  that  Island.  So  far,  however,  I  have  been  unable  to 
find  anv  Sanidine  crystal  in  anv  of  the  collections  brouofht  from 
Oshima,  which  have  been  to  mv  hand. 

The  Anorthite-crystals  from  Miyakejima  are  1  -  4om.  in  their 
longest  direction,   and  are  always  covered  with  a  black  or  sometimes 


*  Notas  ou  FujiyaniA — Transactions  of  the  Seism.  Soc.  of  Japan.  Vol.  IV  1882. 
t  Die  Vulkauinssl  Ooshima  u.  ihre  jüngste  Eruption — Zeitschft.  d.  deutsch,  geol.   Geseiht. 
Bd.  29.  1877.  p.  378. 
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reddiyh  coloured  thin  spougy  crust  of  ];iva.  This  thin  coating 
examined  under  tlie  microscope,  is  found  to  consist  of  a  brown  amor- 
phous glass,  sometimes  with  microcrystals  of  PIagiocla«!3,  a  few 
Au"ite  u'rains  and  Mno-netite.  The  interior  of  the  crystal  in  fresh 
spechnens  is  transparent,  and  has  a  hyaline  lustre.  The  cleavage  is 
perfect  parallel  to  V.  and  M.  The  hiHer  is  less  perfect  than  P,  and 
the  cleavage-face  always  exhibits  twin-striœ.  A  slightl}^  pearly 
lustre  is  observed  on  both  of  these  cleavage-faces;  on  one  portion  of 
the  brachypinacoidal  cleavage-plane,  there  has  been  observed  in  one 
specimen,  a  play  of  colour  somewhat  like  that  of  Labradorite.  Grains 
of  Olivine  are  always  found  as  enclosures,  sometimes  arranged  in  dis- 
tinct zones.  In  some  portions  glass-enclosures  are  found  often 
arranged  parallel  to  a  crystallographic  direction.  »Some  specimens 
show  the  beginning  of  decom[)osition,  becoming  hazy  in  appearance. 
Sino-le  individuals  are  rather  rare  ;  they  are  mostlv  found  as  twins, 
or  several  individuals  are  grouped  together  in  a  most  irregular  man- 
ner, assumini!'  a  ulobular  mass. 

C^rvstal-f  jrm.^ — The  thin  coiilinn'  of  lava^  which  always  covered 
tlje  crystals,  rendered  the  determination  of  the  crystal-faces  peculiarly 
difhcult.  The  reflecting  goniometer  could  Jiot  be  used,  except  in 
the  rleavaufe-faces.  1)V  nieasurinu'  tlie  auQ-le  between  cleavag-e-faces 
V  :  i)/,  and  by  iinding  the  position  of  the  face  ij.  Avhich  is  always 
developed,  and  the  position  of  tlie  Pericline  twin-lamella'  on  i)/,  I  was 
able  generally  to  iix  the  position  of  the  crystal,  so  tliat  the  other  faces 
could  be  determined  by  approximate  measurements  with  a  contact 
goniometer  and  by  zonal  relations.  Ir  was  not  easv  to  get  a  perfectly 
clear  cleavage-piece  for  goniometric  and  optical  purjioses,  ;is  the  twin- 
stria^,  Olivine-enclosures,  and  numerous  fissures  which  make  the 
crystals  very  brittle,  were  always  present.  The  cleavage-face  parallel 
to  P  usually   gave  a  good  reflection,  but  that   parallel   to  J/,  a  dis- 
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turbsd  or  diffused  reflection.  Hence  the  measurement  of  this  facial 
anofle  did  not  g-iye  always  a  satisfactory  result.  With  the  clearest 
piece  Avhich  I  could  get,  the  angle  of  i^  :  M  (001  :  010)  was  found  to 
be  94°  8'  and  the  angle  P  :  il/' (001  :  0Ï0)  85°  51',  while  the  corre- 
sponding angles  of  the  Anorthite  of  Vesuvius  are  94:°  10'  and  85°  50'. 
The  foJlowino"  faces  have  been  identified  :  — 


r  =  oV  (001) 
M  =  crA>db  (010) 
T  =  or.;P  (1Ï0) 
/    =   cc7V  (110) 

z  =  cc;pS(130) 

/•  =  ccP;3(130) 
/  =  :2'P'cÄ(20l) 
//    =  ^,V,^  (201) 


c  =  21''àb  (021) 

//  =  2'/'d6(021) 

m=  F'      (HI) 

0  =  1\      (HI) 

i>=    p    (111) 

h  =  4'P2  (241) 

V  =  47^,2  (24Î) 

ir  ==  4/^2  (241) 

u  =   2L\  (221) 


X  =  ,Vr^    (101) 

Some  of  the  ap[)roximate  measurements  of  the  important  angles  are 
given  below,  compared  with  the  angles  calculated  by  v.  Kohscharow* 
for  the  Vesuvian  crystal  :  — 

Kokscharow. 

7"  =.     98Vo° 98°  46'     8" 

89    27    2(3 

90    32    34 

142    13      6 

139    48    34 

l)  •>  o  >>  /» 

OO  O       OO 

133    14    12 


II 

y 

y 

y 

y 

y 
p 


M'  =  89 

M   =  [)()' 

u     =  142  V, 

p    =  139  7, 

n    =  83  V, 

n'  =  133^ 


The  faL-es  t,  m,  h,  v,  iv,  u,  are   very  rare,  x   lias   been  observed  in 
one  specimen   only  as    a  yery  narrow  band. 


•  Materialien  zur  Minéralogie  Kiisslancls.     Bd.  IV. 
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The  most  prödominating  faces  are  P,  M",  ?/,  6,  m,  to  which  T,  I, 
are  somatimas  combined.  The  most  primitive  form  i.s  a  parallelopiped 
formed  by  the  faces  P,  M,  y.  Usually  the  hemidom^  e  or  n  trun- 
cates the  edge  of  P  :  J/,  or  P  :  il/',  to  which  prisms  7',  /,  and  quarter- 
pyramids  0,  p,  are  added,  (fig.  1,  2).  The  différent  modes  of  facial 
development  give  rise  to  different  forms,  which  may  conveniently  be 
distinguished  into  two  types. 

First  Type — The  crystal  assumes  a  tabular  shapj  by  the  [»re- 
dominance  of  the  Base  1\  while  the  Brachypinacoid  M  appears  as  a 
narrow  band  extending  in  the  direction  of  the  Brachyaxis  a  (fig.  1,  2). 
Fig.  3.  represents  in  projection  this  type  of  crystal,  in  which  the 
development  of  tlie  faces  is  most  perfect.  Some  of  these  crystals 
show  an  irregularity  arising  from  parallel  intergrowtli.  (tig.  -A). 

Second  Type — In  this  type,  the  form  is  also  tabular,  but  the  pre- 
dominating lace  is  Jl/,  while  P  appears  as  a  narrow  band  extending 
along  the  Brachyaxis.  The  faces  forming  this  type  are  the  same  as 
those  of  the  first  type  (tig.  5). 

Simple  crystals  oî  the  first  type  are  more  numerous  than  those 
of  the  second  ;  the  latter  however  appear  more  frequently  as  twins. 
In  both  types,  the  form  becomes  sometimes  irregular  by  the  unequal 
development  of  the  faces  on  the  back  and  front  sides,  (renerally  o,  p, 
appear  on  one  side  as  narrow  bands,  while  their  opposite  faces  o',  //, 
become  much  broader  and  intersect  in  a  line,  which  would  be  parallel 
to  the  face  x,  did  this  face  occur,  as  it  generally  does  not.  But  owing  to 
the  imperfection  of  many  specimens  it  is  often  difficult  to  say  whether 
the  faces  o,]>,  have  greater  extension  on  the  back  or  on  the  front  side. 

The  predominance  of  the  faces  1\  M,  y,  o,  p,  and  tlie  absence 
or  rarity  of  prisms  T,  /,  resemble  to  some  extent  the  case  of  the 
Anorthite-crystals  first  described  by  G.  vom  Rath,*  found  as  a  second- 

•  Beitraege  zur  Pétrographie— Zeitschft.  d.  deutsch,  geol.  Gesellft.     13d.  27.  1875  p.  302. 
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ary  minernl  in  the  contact-rock  of  Pesmeda-Alps,  in  Monzoni,  Tyrol. 
Bat  the  difference  between  the  two  lie3  in  the  fact  tliat  the  Pesmeda- 
Anorthite  is  elongated  along  the  Mncroaxis  h,  Avliile  the  Miyake- 
crystal  has  o-reater  elong^ation  alono-  the  Brachyaxis  ci. 

T^vins — Simple  crystals  are  rare  ;  most  of  the  crystals  being 
found  as  penetration-twins.  The  twin  law  is  analogous  to  that  of 
the  Carlsbad  type  in  Orthoclase.  The  twinning-axis  is  the  A^ertical 
axis  c,  the  plane  of  composition  the  Brachypinacoid  M  (  r^P^).  Bnt 
as  the  crystals  have  often  no  prismatic  edge,  the  two  individuals  have 
apparently  no  common  direction.  An  exact  measurement  of  the 
angles  made  l)y  the  faces  of  the  two  individuals  is  impossible.  The 
angular  divergence  of  the  Brachyaxis,  as  measured  along  the  edo-es  of 
P  :  /)/  and  V  :  M  is  approximately  128°.  Fig.  6  rejiresents  a  typical 
form  of  the  twin,  the  faces  consisting  of  P,  i)/,  ?/,  <?,  n,  o,  jt  ;  the  last 
two  faces  being  usually  developed  unequally  on  the  two  sides  of 
the  Brachyaxis.  It  is  well-known  that  in  this  twin,  the  face 
X  (^1\<^)  of  one  individual  comes  very  near  the  Base  /"  of  the  other 
individual.  The  faces  o,  p,  M,  lying  in  one  zone  with  x,  their  inter- 
section-edges become  very  nearly  parallel  to  the  zone  of  /\  n,  M. 
According  to  vom  Bath*  the  angular  difference  of  these  two  directions 
is  calculated  to  be  0°  2-1'  4"  from  the  axial  elements  of  the  Vesuvian 
Anorthite,  and  this  value  is  found  to  be  more  constant  than  in  the 
case  of  the  Orthoclase  of  Elba,  in  which  the  two  faces  P',  x  tend  to 
coincide.  In  the  crystals  of  Miyakeiima,  this  anovular  difference  can 
not  be  detected  at  least  by  the  eye,  and  the  intersection-edges  of 
7-*,  i)/,  e,  n,  become  apparently  parallel  to  those  of  il/,  o,  p.  On 
account  of  this  fact,  this  kmd  of  twin  crystal  very  often  assumes  a 
rhombic  outline,  when  the  faces  o,  p,  attain  their  maximum  develop- 


Ein  Beitrag  zur  Kenntniss  des  Anorthits— Poggendf.  Annalen  der  Physik  n.  Chemie. 
Bd.  147.     1872.  p.  55. 


38  T.    KIKUCHl 

ment.  Fia'.  7  shows  sucli  a  crystal.  Tlie  o'enernl  outline  of  this 
modified  tvi)o  reminds  us  of  a  tabidnte  Anorthite-crystîd  (Cvclopite 
of  V.  AValtershaasen)  described  by  A.  v.  Lasaiilx*  from  Cyclopean 
Island,  near  Etna,  where  the  crystals  are  found  in  a  druse  within  the 
doleritic  rock.  In  the  crystal  sliown  in  üo-.  7,  severnl  subindividuals 
are  found  makin_i^'  ]xu-alle]  intero-rowth.  Tn  another  modification  of 
this  twin,  one  of  the  individuals  becomes  much  smaller  than  the  other, 
and  the  smaller  individunl  is  attached  on  one  side  or  at  the  middle  of 
the  laro-er  one.  Xerx  rarely  the  halves  of  the  two  individuals  nre 
attached  bv  3/,  without  making  penetration  (üg.  <S).  Of  the  two 
modifications  arising  in  this  twin,  according  as  the  orie  individual 
is  attached  to  the  riii'ht  or  the  left  side  of  the  brach vpinacoidal  face 
of  the  other,  it  is  almost  impossible  to  sav  anything  certain. 

Another  kind  of  twin,  found  only  as  twin-lamelke,  is  that  known 
as  the  Pericline-type  ;  the  twin-axis  being  the  Macroaxis  h.  The 
trace  <->f  the  "Rhombische  Schnitt"  <^n  the  cleavage-face  of  J/,  is 
indicated  by  very  fine  stria^  making  an  angle  of -15°  to -17°  with 
the  edo-e  of  P:  M  (fig.  1).  These  twin-lamellae  are  extremely  fine, 
but  they  become  comparatively  much  ))roader  in  the  crystals  im- 
bedded in  the  lava,  sometimes  attaining  a  breadth  of  7,  mm.  Fig.  11, 
12,  show  these  broader  twin-lamella^  as  observed  in  sections  of  por- 
phyritic  crystals,  cut  nearly  perpendicular  to  the  edge  1'  :  3/. 

Optical  characters — The  direction  of  extinction  has  been  ex- 
amined on  the  cleavage-faces  of  7',  and  of  3/  under  parallel  polarised 
lio-lit.  As  the  mean  of  several  observations,  tlie  direction  of  maxi- 
mum  extinction  on  the  fa'C  P  was  found  to  be-38°  to— 10°.  Avhile 
that  of  the  face  31  was -40°  to-4r;  tlie  latter  does  not  completely 
extinçruish  the  lioht,  owini»-  to  the  interposition  i-f  the  Pericline  twin- 
lamellai. 


•  Sartorius-Lasaulx,  Der  Aetua.  Bd.  II.  p.  505.  also  Zaitsclift,  f.  Krystallographie,    Bd.  5. 
1881  p.  32G. 
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In  convergent  polarised  light,  the  cleavage  piece  parallel  to  P 
shoAVs  one  of  the  axial  rings  at  the  margin  of  the  field,  while  that 
parallel  to  J/ shows  another,  but  in  the  latter  the  centre  of  the  rino- 
is  much  nearer  to  the  maro-in  of  the  field.  These  observations  ao-ree 
completely  with  Max  Schuster's*  on  the  Anorthite  of  Vesuvius  and 
Pesmeda.  The  position  of  the  positive  Bisectrix  Avould  hence  be 
nearly  perpendicular  to  the  face  e  ('2P'oc).  The  section  cut  as  nearly 
as  possible  parallel  to  this  face,  shows  in  a  convergent  polarised  ray, 
a  biaxial  interference-figure  of  a  wide  angle.  Further  optical  charac- 
ters can  not  at  present  be  siven. 

The  porphyritic  crystals  which  are  fou.nd  within  the  basaltic 
lava,  show  somewhat  ditferent  habitus,  as  compared  with  the  crystals 
already  described.  The  f  jlloAving  observations  ma}^  serve  to  indicate 
the  characters  of  the  porphyritic  crystals  as  seen  under  microscopic 
slides  of  the  lava. 

The  section  cut  nearly  j-arallel  to  P  (oP)  presents  an  almost 
rectangular  outline  formed  by  the  traces  of  the  faces  y  and  M.  Fig.  10 
represents  a  typical  form  (jf  the  section  ;  sometimes  the  corners  being 
differently  cut  oif  as  in  fig.  9.  Generally  a  few  lamella3  of  the  Albite 
type  are  found  parallel  to  the  cleavage-trace  of  i)7,  the  direction  of  ex- 
tinction making  40°  on  both  sides  of  the  boundary.  A  noteworthy 
feature  which  is  often  observed  in  this  section,  is  the  presence  of  fine 
diagonal  fissures  (fig.  I),  10),  intersecting  at  angles  of  nearly  85°  and 
95°,  the  acuter  angle  being  nearly  bisected  by  the  cleavage-trace  of  i)/. 
Such  fissures  are  also  to  be  seen  on  the  cleavage-face  of  P  of  separate 
crystals  with  the  effect  of  making  them  Aery  brittle,  but  the  larger 
porphyritic  crystals  imbedded  Avithin  the  lava,  exhibit  the  structure 
much  more  conspicuously.  Such  crystals  Avhen  taken  from  the 
matrix  fall  into  fine  splinters  along   the  fissures.       Usually  one  of 

*  Die  optische  Orientirung  der  Plagioklase.-Tschermak's.   Min.  ii.  Petro.  Mittli.    Bel.  3. 
1881.  p. 213. 
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these  sets  of  fissures  is  more  perfect  and  distinct  than  the  other,  as  in 
fig.  10,  where  the  crystal  has  been  ])roken  along  one  of  the  directions 
of  the  fissures.  G.  Tschermak*  has  observed  and  photographed  an 
analogous  series  of  fissures  found  in  an  Anorthite-crystal  within  the 
tufaceous  Meteorite  (Eucrite)  of  Stannern.  ]Jut  in  the  crystals  from 
Miyake,  they  are  more  numerous  and  distinct,  A  third  series  of 
fissures  parallel  to  ooPoo  ,  shown  in  Tschermak's  figure  has  not  been 
observed  in  the  Miyake  Anorthite.  An  anomalous  optical  phenome- 
non is  observed  in  the  crystals  showing  this  fissured  structure. 
When  a  slide  of  such  a  crystal  is  examined  under  crossed.  Niçois,  the 
extinction  of  light  takes  place  in  some  parts,  as  usual  at  a  direction 
making -38°  to -40°  with  the  trace  of  M,  but  the  entire  field  never 
becomes  dark  ;  the  dark  portion  being  distinctly  marked  off  from  the 
luminous  part.  The  boundary  of  the  two  parts  is  formed  by  zig- 
zag lines  which  correspond  to  the  directions  of  the  fissures  and  to  the 
cleavage-trace  of  M.  Fig.  1)  represents  the  section  of  a  crystal  formed 
by  the  parallel  intergrowth  of  two  individuals.  The  upper  part, 
almost  devoid  of  fissures,  is  separated  by  an  irregular  boundary  from 
the  lower  half,  in  which  very  characterestic  series  of  fissures  are  to 
be  seen.  The  crystal  is  twinned  according  to  the  Albite-type,  consist- 
ing of  two  principal  twin-individuals  aa  and  hh,  which  extinguish 
the  light  symmetrically  on  both  sides  of  the  trace  of  M  at  an  angle  of 
38°.  The  part  marked  cc  never  becomes  dark  in  any  position,  only 
showing  a  light  bluish-violet  tint  when  the  portion  aa  becomes  entirely 
dark.  Sometimes  patches  of  such  luminous  parts  are  found  scattered 
M'ithin  the  dark  field,  assuming  a  damasked  appearance.  The  phe- 
nomena just  described  may  probably  be  due  to  a  strain  resulting  from 
the  sudden  contraction  experienced  at  the  moment  of  eruption.  In 
fig.  y,  the  mode  of  attachment  of  the  upper  and  the  lower  halves 
shows   that  the  upper   went  on  growing  in  the  direction  of  the  lower 

*  Mikroskopische  Beschaffenheit  der  Meteoriten.  Taf.  II,  fi<^.  1. 
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lialf,  after  the  lattei*  had  experienced  a  sudden  contraction,  the  magma 
still  retaining  a  certain  degree  of  fluidity. 

The  section  parallel  to  Jl/(ooPco),  is  generally  a  parallelo- 
g-ram  with  anHes  of  98°  and  82°,  but  sometimes  becomes  rhombic 
in  outline  by  the  development  of  the  faces  o,  p,  combined  with  P,  the 
angles  of  the  rhomb  measuring  52°  and  128°  (compare  fig.  7).  Peric- 
line-lamellas  making  an  angle  approaching  to  -16  with  the  trace  of 
I\  are  often  found. 

The  section  perpendicular  to  the  zone  of  P  :  BI,  presents  a  rec- 
tangular form  formed  by  the  traces  of  P  and  M,  the  corners  being 
usually  cut  off  by  the  faces  e,  u.  Fig.  11.  12,  show  the  usual  forms 
of  this  section  ;  fig.  11  representing  the  first  type,  fig.  12  the  second 
type,  according  to  the  classification  of  separate  crystals  already  given. 
In  this  section,  broader  l^erichne-lamellaî  are  inserted,  which  would 
be  parallel  to  the  trace  of  P,  if  the  section  falls  just  parallel  to  the 
jMacroaxis.  Some  of  these  lamellae  thin  out  at  the  extremities.  The 
broad  band  arranged  parallel  to  M  is  probably  twinned  according  to 
the  Albite  type  (fig.  12).  This  band  itself  is  divided  into  two  halves 
a,  h  in  the  manner  of  a  penetrating  twin,  with  different  optical  ori- 
entation, (a/l)  =  40°/25°),  so  that  these  halves  may  be  twinned 
according  to  the  Carlsbad  law. 

The  sections  parallel  to  M  and  perpendicular  to  the  Brachyaxis  are 
traversed  by  irregular  fissures,  some  of  whicli  riui  nearly  in  the  direction 
of  the  Vertical  axis.  The  substance  of  these  felspars  is  always  fresh, 
and  nearly  homogeneous;  some  variation  in  chemical  composition  being 
sometimes  indicated  by  zonal  structures  as  in  fig.  12,  wdien  examined 
under  polarised  light.  The  enclosures  are  Olivine-grains,  glass,  and 
gas  pores  which  are  sometimes  arranged  parallel  to  a  crystallographic 
direction.  Olivine-grains  are  generally  found  as  enclosures  within  the 
Anorthite,  but  occasionally  we  observe  the  inclusion  of  Anorthite 
within  the  Olivine. 
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C(UT08ion-fignrps. — Souie  experiments  liave  heen  tried  in  regard 
to  tlie  clinracter  of  corrosion-figures  (Aetzfiguren)  on  cleavage-faces. 
Clear  cleavage-pieces  were  selected,  and  acted  npon  hy  dilute  fluoric 
acid,  and  by  hydrochloric  acid.  In  some  natural  cleavage-faces  which 
have  been  long  exposed  to  the  action  of  atmospheric  agencies,  corro- 
sion-fignres  are  found  similar  in  character  to  those  produced  artifi- 
cially. These  figures  are  most  distinct  under  a  magnifying  power  of 
200-300  diameters. 

On  the  face  7^=001  triangular  impressions  are  formed  (fig.  13). 
These  triangles  are  asymmetric,  rounded  on  one  side,  while  the  other 
sides  are  nearly  straight;  the  angle  formed  by  the  latter  being  directed 
backward,  as  observed  by  Wiik.* 

On  the  face  7^'= 001,  the  figures  are  reversed  as  shown  in  fig. 
14,  the  angle  formed  by  the  straight  sides  being  pointed  forward.  On 
observing  the  difterent  figures,  we  find  some  of  them  formed  of  dif- 
ferent faces  apparently  of  îi  hemidome  and  quarter-pyramids  (fig.  13  a, 
/),  c),  different  stages  of  such  development  being  seen.  The  figures 
produced  by  hydrochloric  acid  on  these  faces  are  smaller  and  the  angle 
formed  by  the  straight  sides  more  acute  than  those  produced  by  fluoric 
acid.  Wiik  considers  the  two  straight  sides  as  being  formed  of 
/(Go.P;3)and2;(oo;P3). 

On  Ihe  face  ilf=010  are  produced  the  elliptical  figures  observed 
by  AViik.  The  one  end  of  the  longer  axis  of  the  ellipse  is  pointed,  and 
directed  upward  and  backward  (fig.  o).  The  direction  of  the  hmger 
axis  is  inclined  in  the  same  sense  as  that  of  the  Pericline-lamella?, 
makino-  an  ano-je  of  nearly  ^^°  with  the  edge  of  P  :  il/. 

4'he  figures  which  are  produced  on  the  face  M'  =  010  are  of  the 
same  form,  but  reversed  iu  position,  as  shown  in  fig.  16,  the  pointed 
end  of  the  figure  ])eing  directed  dc^vnward  and  forward,  and  arranged 
in  the  same  direction  as  those  on  M. 


*  R'?ferat  in  Zeitsclift-.  f.  Krystallographie.     Bd.  7.  p.  188. 
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The  figures  produced  by  fluoric  acid  are  nearly  all  elliptical  (fio-. 
15,  16,  h)  while  those  produced  by  hydrochloric  acid  are  round-sided 
asymmetric  triangles  (fig.  15,  K),^^),  one  of  the  sides  being  apparently' 
parallel  to  the  direction  of  the  Pericline-lamella^.  Fig.  17  is  intended 
to  show  the  relative  position  of  these  figures  with  reference  to  a 
simple  primitive  form  consisting  of  the  faces  P,  M,  and  y  ;  the  figures 
on  P'  and  M'  being  supposed  to  be  looked  at  through  the  face  y. 


For  the  chemical  analysis  of  the  mineral,  I  am  indebted  to  Mr. 
Y.  Kitamura,  of  the  Geological  Survey.  The  sample  taken  for  the 
analysis  was  obtained  from  fresh  specimens  of  separate  crystals.  The 
lava-coating  was  removed,  and  transparent  portions  of  the  interior 
carefully  selected.  The  small  grains  of  Olivine  attached  to  the 
powdered  sample  were  removed  by  means  of  Thoulet's  solution,  until 
the  microscope  showed  the  ideal  purity  of  the  sample.  The  result  of 
the  analysis  is  shown  below  in  Column  I.  For  the  sake  of  com- 
parison, we  quote  here  in  Column  II,  the  analysis  of  a  similar  kind  of 
Anorthite  as  that  of  Miyake,  from  a  porphyritic  volcanic  rock  of 
Tönosawa  in  Hakone,  given  by  Wada.* 


I. 

II. 

Miyake 

Tönosawa 

(Anal.  Y.  Kifcainura) 

(Anal.  M.  Hida) 

Si  0, 

44-03  Vo.... 

44-16  Vo 

AhO, 

36-80      .... 

31-87 

Fe,0, 



1    OO 

Ca  0  

19-29      .... 

20-90 

MgO  

-20      

-53 

Na,0  .... 

-23      .... 

-32 

IC  0  .... 

,       

-55 

H,  0  .... 

-12      

-60 

100-67 

100-26 

1.  c.  p.  33. 
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Speclftc  gravity  =  2*761  as  determined  by  Thoulet's  solution.  Before 
the  blowpipe,  somewhat  difficult  to  fuse.  Very  fine  splinters  which 
can  sometimes  be  obtained  from  the  fissured  variety  within  the  lava, 
fuse  comparatively  ensily  to  a  clear  glass,  glowing  intensely,  and  im- 
parting a  reddish -yellow  tint  to  the  flame.  In  hydrochloric  acid,  the 
powder  is  entirely  decomposed,  leaving  gelatinous  silica. 
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Explanation   of  the  Plate  I. 


Fig.  1. —  A  simple  crystal  of  the  first  type  in  the  position 
adopted  by  Des  Cloizeaux  and  vom  Kath.  On  the  face  il/=010,  the 
direction  of  the  Pericline-lamella?,  or  the  trace  of  the  "  Rhombische 
Schnitt"  is  indicated  by  fine  lines,  which  make  an  angle  of  about  -16 
with  the  ed"e  P  :  M. 

Fig.  2. — Same  as  fig.  1.     A  very  common  form  of  the  first  type. 

Fig.  3. — A  horizontal  projection  of  a  crystal  of  the  first  type  ; 
the  plane  of  projection  perpendicular  to  the  Brachyaxis. 

Fig.  à. — Same  as  fig.  3,  showing  parallel  intergrowth  ;  the 
crystal  is  imperfect  at  the  middle  portion  and  an  irregular  attachment 
of  smaller  individuals  is  observed  in  the  specimen  a. 

Fig.  Ö. — A  horizontal  projection  as  in  fig.  3,  4.  Some  imperfec- 
tion is  observed  in  the  lower  portion. 

Fig.  6. — A  common  form  of  the  penetration-twin  analogous  to 
the  Carlsbad  type.  In  this  form  it  often  happens  that  the  faces  o,  ]), 
are  unequally  developed  on  ditterent  sides  as  in  the  figure.  The 
intersection-edges  of  o\  p,  M'  become  very  nearly  parallel  to  those  of 
jP,  e,  M. 

Fig.  7 . — A  rhomb-shaped  modification  of  the  twin,  the  same  as 
in  fig.  6.  The  two  individuals  which  are  distinguished  by  the  thicker 
and  the  lighter  lines,  are  composed  of  several  subindividuals.  The 
faces  0,  p,  are  developed  on  both  sides  very  extensively,  the  edge  P,  d, 
il/  becoming  very  nearly  parallel  to  the  edge  o,p',j\l'.  The  projection 
is  made  on  a  ])lane  perpendicular  to  tlie  edge  P,  x,  //,  of  one  individual, 
so  that  the  edge  P,  .t,  //  does  not  coincide  exactly  with  the  first.  Tlie 
face  t  becomes  here  relatively  large,  and  ^  ery  nearly  parallel  to  y'. 

Fig.  8. — Horizontal  projection  of  tlie  twin,  similar  to  those  of 
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üf.  (3,  7,   Ijut  only  the  halves  of  the  two  iiidividiials  attached  by  3/ 
without  penetratuig. 

Fig.  9. — Section  of  a  porphyritic  crystal  within  the  hiva,  niagni- 
iied  about  20  times,  cut  nearly  parallel  to  the  face  F,  consisting  of  the 
nonfissured  upper,  and  the  fissured  lower,  halves  in  a  parallel  position. 
These  hidividuals  consist  of  two  principal  twin-individuals  a,  (y,  and 
h.  h,  of  the  Albite  type,  the  part  c,  c,  showing  an  optical  anomaly. 

Fi(j.  10. — Same  as  fig.  9,  magnified  10  times,  the  rectangular 
outline  being  f  jrmed  l)y  J/,  //.  ^  t'l'y  characteristic  diagonal  fissures 
are  here  developed,  similar  to  those  of  the  lower  half  of  fig.  9,  the 
upper  right  and  the  lower  left  corners  being  removed  by  the  one  set 
of  fissures  which  is  more  perfect  than  the  other.  A  single  lamella  of 
the  Albite  type  traverses  the  middle  portion. 

F'kj.  11. — Section  of  a  porphyritic  crystal,  cut  nearly  perpen- 
dicular to  the  zone  F  :  il/,  magnified  5  times,  showing  the  broader 
l-*ericline-lamellii?. 

Fig.  12. — Same  as  fig.  11,  magnified  10  times,  showing  the  fine 
transversal  Pericline-lamelke,  and  the  broader  vertical  lamelhe  rt,  ?>, 
probably  of  Albite  and  of  Carlsbad  types.  Zonal  structure  is  well 
exhibited  in  this  section  under  polarised  light. 

Fig.  13. — Corrosion-figures  on  the  cleavage-face  7'  ;  the  acute 
angles  of  the  triangular  impressions  are  pointed  backward.  1'hey 
are  shown  magnified  in  a,  h^  c. 

Fig.  11. — The  same  as  seen  on  the  cleavage  of  F\  of  the  same 
form  as  those  on  F,  but  the  acute  angles  are  pointed  forward.  Magni- 
fied in  a,  h. 

Fig.  Id. — The  same  of  elliptical  forms,  on  the  cleavage-face  of  i)/. 
The  fine  lines  represent  the  direction  of  the  trace  of  the  "Rhombische 
schnitt  ''  a,  figure  produced  by  hydrochloric  acid  ;  h,  by  fiuoric  acid, 
magnified. 

Fig.  IG. — The  same  as  seen  on  the  cleavage- face  37';  a,  h  as  in 
fio^.  15. 
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Fig.  17. — A  diagrammatic  representation  of  the  relative  positions 
of  corrosion-figures  on  the  faces  P,  P',  il/,  3/',  in  a  primitive  form 
consisting  of  P,  M,  y  ;  the  figures  on  P'  and  J/'  being  supposed 
tu  be  looked  at  through  the  face  y. 


The  Source  of  Bothriocephalus  latus  in  Japan, 

Isao  Ijima,  Ph.D. 


Bothriocephalns  latus,  which  was  formerly  thought  to  he 
restricted  to  Europe  .in  its  distribution,  is  the  commonest  tape-worm 
found  in  Japan.  It  is  met  with  everywhere  in  the  country,  of  course 
with  local  differences  as  to  its  frequency.  The  identity  of  the  species 
with  the  European  f  )rm  admits  in  my  o})inion  of  no  doubt,  I  would 
not  have  made  this  remark,  had  not  Küchenmeister  of  late  errone- 
ously assumed  that  in  Europe  more  than  one  species  is  included  under 
the  name  of  B.  latus. 

As  far  as  my  experiences  go.  Taenia  mediocanellata  occurs  in 
Japan  much  more  rarely  than  B.  latus  ;  among  dozens  of  tape- worms 
that  I  have  examined,  only  a  single  specimen  of  the  former  species 
M'as  found.  That  fish,  the  recognized  source  of  Bothriocephalus, 
is  used  as  food  much  more  generally  in  Japan  than  beef  (the  source 
of  Tœnia  mediocanellata),  sufficiently  explains  the  above-stated  fact. 
Tcenia  solium,  if  ever  it  occurs  in  Japan,  must  be  exceedingly  rare. 
I  have  indeed,  never  as  yet  met  with  it  in  Tokyo.  This  is  un- 
doubtedly due  to  the  fact  that  pork  as  an  article  of  food  is  even  less 
used  than  beef.  Unfortunately  means  are  not  yet  at  my  disposal  for 
determining  the  occurrence  of  human  tape-worms  at  any  locality  on 
statistical  grounds. 
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As  is  well  known,  Prof.  M.  Braun  ^^  was  the  first  to  show 
that  in  the  Baltic  region  (Dorpat)  the  plerocercoid  larvœ  of  B.  latus 
infest  the  viscera  as  well  as  the  flesh  of  the  pike  (Esox  lucius)  and  of 
the  burbot  (Lota  vulgaris).  He  proved  that  the  above-mentioned 
tape-worm,  so  common  in  Dorpat  and  vicinity,  is  derived  from  using 
these  infected  fishes,  and  the  pike  especially,  as  food.  Küchen- 
meister ^^  alone  stood  out  against  considering  the  pike  as  the  inter- 
mediate host  of  B.  latus,  substituting  certain  Salmonida3  (Salmo  salar) 
in  its  stead.  His  opinion  has  however  sutfered  a  well-grounded 
refutation  by  Braun  and  Leuckart,^^  so  that  the  former's  discovery 
stands  as  an  established  fact.  According  to  Leuckart,  Grassi  in 
Catania  also  succeeded  in  raising  B.  latus  in  himself  from  larvœ  taken 
from  the  pike.  And  Parona*)  in  Lombardy  found  larvœ,  which  were 
experimentally  proved  to  belong  to  B.  latus,  not  only  in  the  pike  but 
also  in  the  perch  (Perca  fluviatilis).  Further  it  turned  out  from 
Zschokke's  and  my  observations  that  some  Salmonidœ  are  also  to  be 
counted  amonsf  the  intermediate  hosts  of  B.  latus. 

Zschokke's  researches  5)  at  Geneva,  one  of  the  places  noted  for 
the  occurrence  of  B.  latus,  have  proved  that  there  its  principal  source 
is  Lota  vulgaris  and  after  it  Perca  fluviatilis,  while  infection  from 
pike  and  salmon  is  considered  as  occurring  only  in  exceptional  cases. 
Of  the  latter,  Salmo  umbla  was  found  almost  regularly  infested  by 
Bothriocephalus-larvai. 


1)  Zur  Entwicklungsgeschichte  des  breiten  Bandwurmes.  Würzburg  1883. 

2)  "Wie  steckt  sich  der  Mensch  mit Bothriocephalus  an?"  Berlin,  klin.  Wochenschrift.  Nr. 
32,  33.  1885.— "Die  Finne  des  Bothriocephahis  und  ihre  Uebertragung  auf  den  Menschen." 
Leipzig  1886. — "  Weitere  Bestätigung  meiner  Behauptung,  dass  die  Finne  des  Hechtes  nichts 
mit  Both,  latus  zu  thun  hat."  Deutsche  medic.  Wochenschrift.  Nr.  32.  188S. 

3)  See  Leuckart  "  Zur  Bothriocephalus-Frage."  Centralbl.  f.  Bactériologie  u.  Parasiten- 
kunde. Nr.  1,  2.  1887. 

4)  In  "  Estratto  dei  Rendiconti  del  R.  Istituto  Lombardo.  Ser.  II.  Vol.  19.  188G. 

5)  "  Der  Both,  latus  in  Genf."  Centralb.  f.  Bact.  u.  Parasstenk.  Nr.  13,  14.  1887. 


THE  SOUECE  OF  BOTHRIOCEPHALUS  LATUS  IN  JAPAN,  51 

From  what  ha.s  been  said  it  is  appai*ent  that  the  (last)  inter- 
mediate host  of  B.  latus  includes  several  species  of  fish  which  may 
belong  to  different  families  and  that  the  principal  source  of  that  tape- 
worm may  vary  according  to  localities. 

In  Japan,  where  as  already  said,  B.  latus  is  abundant,  none  of 
the  above-mentioned  fishes  are  known  to  occur,  although  the  pike  is 
said  to  exist  in  Sasrhalien.  What  fish  is  then  the  source  of  B.  latus 
in  Japan? 

There  has  Ijeen  among  the  Japanese  a  popular  belief  that  tape- 
worms develope  from  eating  certain  fishes.  Onchorhynchus  Perryi 
Hilgd.  (Mas2i)  and  Onchorhynchus  Haberi  Hilgd.  (^Sake)  were  the 
most  suspected,  a  belief  which  was  certainly  without  any  scientific 
basis.  Guided  by  this  suspicion,  however,  I  examined  in  May  1886 
a  specimen  of  Onchorhynchus  Perryi,  and  was  not  disappointed. 
Seven  Bothriocephalus-larva',  unmistakeable  by  the  configuration  of 
their  head,  were  found  imbedded  in  the  trunk-muscles.  In  form,  size 
and  motions,  they  corresponded  exactly  with  Braun's  description  and 
figures  of  the  larva  of  B.  latus. 

Concerning  the  appearance  of  the  larvœ  I  have  nothing  of  impor- 
tance to  add  to  what  is  already  known.  Nevertheless 
a  few  words  about  them  mi"ht  be  useful,  since  zooloiii- 
cal  Hterature  is  not  accessible  to  many  in  Japan.  The 
larva  of  B.  latus  is  a  slender  elongated  worm  of  white 
color.  The  body  is  properly  speaking  not  flat  but 
rather  thick.  Its  length  varies  from  8  to  30  mm,  its 
breadth  from  1  to  3  mm.  When  contracted,  the  leno'th 
is  reduced  by  more  than  one-half,  but  the  ])readth  rela- 
tively increases  so  that   it  acquires   a  thick   wrinkled  ""^  „  ,  . 

"  A  Larv:t   of    Botunoce- 

form.    The  head  is  then  involuted  and  shows  a  cleft-like  onchorhyLchus  Per- 

ryi.  a,  iu  contracted; 

depression  at  the  end.     If  such  a  larva  be  put  into  AbÔut*'2x"maguified." 
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luke-warm  water  or  salt-solution,  it  begins  to  move  energetically. 
The  head  is  alternately  thrown  in  and  out,  the  body  at  the  same  time 
bending  and  stretching  and  exhibiting  also  peristaltic  motions  which 
travel  from  end  to  end.  The  head,  when  extended,  is  club-shaped, 
hardly  1  mm  in  length  and  bears  two  shallow  longitudinal  grooves, 
thus  essentially  agreeing  in  form  with  the  head  of  the  fully  grown 
Bothriocephalus  latus.  The  body  is  solid  as  in  the  mature  w^orm 
but  without  any  trace  of  strobilization  or  of  sexual  organs.  Ex- 
amined under  the  microscope,  it  clearly  shows  some  of  the  excretory 
vessels  and  calcareous  bodies,  of  which  there  are  comparatively  many. 
The  larva,  as  it  lies  in  the  flesh,  is  tolerably  extended  but  with  the 
head  always  drawn  in.  It  rarely  lies  straight  but  usually  irregularly 
coiled.  No  sort  of  capsular  membrane  invests  it.  Within  the  body 
of  the  host,  it  by  no  means  makes  such  active  movements  as  described 
above  ;  but  it  is  exceedingly  probable  that  it  may  at  any  time  shift 
its  position  within  the  host.  At  least,  there  can  be  no  doubt  about 
this  much,  that  the  larvœ  found  in  various  parts  of  fishes  have  wan- 
dered in  from  the  intestinal  canal.  Braun  found  them  not  only  in 
the  muscles  of  the  pike,  but  also  in  the  various  organs  of  its  body- 
cavity,  some  hanging  on  the  intestinal  wall,  others  free  in  that  cavity. 
Moreover  he  found  on  the  liver-surface  tracks  of  their  wanderings. 
In  Onchorhynchus  Perryi,  I  have  as  yet  never  found  them  in  any 
other  place  than  in  the  trunk-muscles. 

To  prove  that  the  Bothriocephalus  larvae  obtained  from  Oncho- 
rhynchus Perryi  belonged  to  B.  latus,  it  was  necessary  to  experiment 
with  them.  So  I  swallowed  two  larvae,  one  of  which  was  however 
injured :and  my  assistant,  Mr.  M.  Kikuchi,  kindly  offered  his  services 
and  swallowed  three.     This  was  done  on  May  10*^^  1886. 

From  the  2^^  or  the  3^'^^  day,  I  began  to  experience  now  and  then 
slight  pains  in  the  duodenal  region.      This  lasted  for  some  days  and 


THE  SOURCE  OF  BOTHHIOCEPHALUS  LATUS  IN  JAPAN. 


53 


then  entirely  stopped,  so  that  I  felt  myself  in  my  iisaal  health  until 
the  28^^  of  the   same  month,  when  slight  diarrhœa. began  to  incon- 
venience me.     On   June   1^^  a  piece  of  B.  latus,  22.5  cm  long,  was 
discharged.      Since  it  had  the  characteristic  terminal  proglottis,  it  was 
certain  that  no  segments  had  been  previously  lost.     On  the  following 
day,  viz.  22  days  after  the  beginning  of  the  experiment,  the  remainder 
of  the  tape-worm  body  including  the  head  was  obtained  by  means  of 
anthelmintic.      It  seemed  that  only  one  (probably  the  uninjured)  of 
the  two  larvœ  swallowed  had  developed  into  the  tape-worm. 

In  Mr.  Kikuchi's  case,  intestinal  complaint  commenced  a  little 
later  than  in  mine.  In  both  cases,  fœces  were  subjected  to  micro- 
scopical examination  from  time  to  time,  but  Bothriocephalus-eggs 
were  never  met  with.  It  seems  that  it  requires  a  considerable  length 
of  time  before  the  worm  is  ripe  enough  to  let  some  of  its  eggs  escape 
from  the  uterine  opening.  On  June  27*^^  anthelmintic  was  given 
to  Mr.  Kikuchi.  Unfortunately  however  no  worm  was  obtained. 
Apparently  it  became  lost,  proper  precautions  not  having  been  taken 
to  secure  it.     After  this  his  complaint  entirely  ceased. 

The  total  length  of  the  worm  that  had  grown  in  me  was  315  cm 
(over  ten  feet!)  and  the  number  of  proglottides,  as  far  as  could  be 
counted,  1467.  Of  these  the  last  617  had  their  uterus  already  filled 
with  eggs.  Considering  that  a  larva  of  insignificant  size  had  acquired 
the  above-stated  respectable  dimension  during  a  period  of  only  '2'1 
days,  the  rate  of  growth  is  really  wonderful  and  one  might  doubt 
the  genetic  connection  between  the  larva  voluntarily  swallowed  and 
the  tape-worm  produced,  were  it  not  for  the  similar  results  arrived  at 
by  Braun  and  Zschokke.  The  former  experimented  not  only  on  cats 
and  dogs  but  also  on  three  of  his  students,  who  had  voluntarily 
offered  themselves  for  the  purpose.  They  were  first  ascertained  to 
have  no  tape- worm  in   the  body   and  then  each  swallowed  3  or  4 
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larvae.  Symptoms  appeared  in  3  weeks  and  in  a  month  every  one 
of  them  hegan  to  discharge  Bothriocephalus  eggs.  At  this,  an- 
thehninthic  was  given  and  in  all  more  than  6  specimens  of  B.  latus 
were  ohtained,  averaging  about  335  cm  in  length.  Zschokke  also 
obtained  positive  results  in  several  experiments  on  man.  In  4  cases 
symptoms  appeared  in  lG-22  days  after  swallowing  the  larvœ  and 
the  tape- worms  obtained  in  20-26  days  measured  about  129  cm  on 
an  average. 

Some  specimens  of  Bothriocepha]us-larva3  from  Onchorhynchus 
Perryi  were  sent  to  Prof.  Leuckart  for  examination.  He  did  not 
hesitate  to  pronounce  them  as  identical  with  those  found  in  the  pike 
of  Europe. 

Thus,  the  fact  is  established  that  Onchorhynchus  Perryi  does 
harbour  the  larva  of  B.  latus  ;  and  I  believe  I  am  right  in  claiming 
that  fish  to  be  at  least  one  of  the  chief  sources  of  B.  latus  in  Japan. 
Subsecjuently  I  have  had  occasion  to  examine  7  examples  of  that  fish 
at  different  periods  of  the  year  and  found  Bothriocephalus-larvœ  in  all 
but  one.  The  single  negative  case  was  a  young  0.  Perryi  from  the 
Hokkaido.  It  was  in  a  state  of  putrefaction,  making  the  task  of 
search  so  unpleasant,  that  a  thorough  examination  was  abandoned. 
Another  Hokkaido  specimen,  said  to  have  been  sent  in  ice  contained 
at  least  4  larvae.  The  other  specimens  Avere  brought  to  the  Tokyo 
market  from  neighboring  districts,  probaljly  from  the  Tonegawa. 
The  number  of  larvœ  lodged  in  one  fish  was  not  large,  7  having  been 
the  maximum.  In  one  case,  only  a  single  larva  could  be  found  after 
a  laborious  search.  Even  then  it  would  be  unsafe  to  assert  that  no 
chance  was  left  for  some  to  escape  unnoticed.  At  all  events,  the 
number  of  the  B.  larvœ  in  0.  Perryi  is  much  less  than  that  found  by 
Braun  or  Zschokke  in  the  pike,  burbot,  etc.  But  to  judge  from  my 
somewhat  limited  experience,  their  occurrence  in  O.  Perryi  seems  to 
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be  tolerably  constant.  Another  reason  for  regarding  0.  Perryi  as  at 
least  one  of  the  chief  sources  of  B.  latus,  is  the  undeniable  fact  that 
where  that  fish  abounds,  the  tnpe-worm  is  also  abundant.  Toyama 
in  the  province  of  Ecchiu  is  such  a  place.  In  Yezo,  especially  anion o- 
the  Ainos,  tape- worms  are  said  to  be  common.  Considering  that 
0.  Perryi  occurs  there  in  plenty,  these  tape- worms  presumably  belono- 
to  the  species  Bothriocephalus  latus. 

0.  Perryi  is  in  some  parts  of  Japan  often  eaten  raw  (Sashimi) 
like  many  other  fishes.  Under  such  circumstances,  infection  with 
Bothriocephalus  is  highly  probable  and  all  the  more  so  since  its  larvœ 
in  the  flesh  might  easily  be  mistaken  for  a  piece  of  fat,  tendon  or 
nerve.  Once  a  friend  told  me,  soon  after  his  return  from  a  short 
visit  to  Saikyö,  that  he  had  there  tried  the  ^^  sashimi"  of  the  fish  in 
Cj[uestion.  I  warned  him  of  what  change  might  perhaps  occur  in  his 
health  within  3  weeks'  time,  little  suspecting  that  he  would,  as  he 
really  did,  present  me  with  a  fine  specimen  of  B.  latus  at  the  end  of  a 
month.  In  Tokyo,  where  0.  Perryi  is  altogether  scarce,  its  ^^sashimi" 
is  not  generally  indulged  in,  a  fxct  which  probably  explains  the 
comparative  scarcity  of  B.  latus  in  this  city. 

The  life-tenacity  of  Bothriocephalus -larvae  seems  to  be  of  no 
small  degree.  They  may  retain  vitality  for  a  week  outside  their 
host  and  Braun  even  found  them  alive  not  only  in  weakly  salted 
pike  but  also  in  such  that  had  been  frozen.  It  is  however  certain 
that  the  heat  of  thorough  cooking  or  roasting  sufiices  to  render  them 
harmless.  At  the  same  time  it  must  be  admitted  that  ordinary 
methods  of  cooking  do  not  exclude  all  chances  of  infection,  as  is  clear 
from  the  way  we  obtain  our  Tœnia  from  beef  or  pork.  A  naturalist 
friend  in  Tokyo  once  discharged  a  B.  latus,  which  he  is  inclined  to 
regard  as  having  been  received  from  the  flesh  of  0.  Perryi,  which  he 
had  eaten  roasted  about  one  month  previously.      The  fish  had  been 
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sent  from  Yezo  preserved  in  Sake-dveg  ÇKasii).  A  few  other  enquiries 
were  made  of  persons  who  had  been  tape-worm  patients  and  many  of 
them  recollected  having  eaten  0.  Perryi  in  some  form  or  other. 

To  all  appearances  then  0.  Perryi  is  the  chief  source  of  B.  latus. 
I  do  not  wish  however  to  emphasize  this  too  strongly,  since  my 
examination  of  other  river-fishes  is  still  very  incomplete. 

Onchorhynchus  Haberi,  another  species  of  salmon  common  in 
Japan,  closely  resembling  0.  Perryi  in  habits  and  other  respects,  is 
peculiarly  open  to  suspicion.  Nevertheless,  three  specimens  of  this 
fish,  obtained  in  the  Tokyo  market  and  carefully  searched  by  Mr. 
Kikuchi  and  myself,  showed  no  trace  of  Bothriocephalus-larvre. 
Carassius  auratus  (Funa),  Cyprinus  carpio  (A'oi),  Plecoglossus  alti- 
velis  (Ayii^  and  a  species  of  Salmo  (Yamahe^  were  also  searched  but 
with  neofative  results.  However  the  number  of  individuals  examined 
was,  as  in  the  case  of  Onchorhynchus  Haberi,  too  small  to  allow  of 
much  weio-ht  being  attached  to  the  conclusions.  A  more  complete 
investigation  of  our  fresh-water  fishes  is  very  much  to  be  desired. 


Earthquake  Measurements  of  recent 
years  especially  relating  ^to  Vertical  Motion. 

S.    Sekiya 

Professor  of  Seismology,  Imperial  University. 


Thi«  paper  contain.s  the  records  of  earthquake  observations  made 
during  the  two  years  from  September  1885  to  September  1887. 
Severe  shocks  as  well  as  feeble  tremors  are  arranged  in  the  accom- 
panying table,  and  in  some  shocks  separate  notes  are  added  by  way 
of  fuller  description.  The  measurements  were  made  at  two  places  in 
Tokyo  ;  one  set  at  Hitotsubashi  where  the  ground  is  soft  and  marshy, 
and  the  other  set  at  Hongö  where  the  soil  is  hardened  alluvial  mud. 

Vertical  motion  which  forms  the  principal  subject  in  this  paper 
has  not  hitherto  been  so  much  studied  as  horizontal  motion.  This  is 
on  account  of  its  comparatively  rare  occurrence,  and  when  it  occurs 
its  smallness  makes  it  of  secondary  importance  to  the  more  prominent 
horizontal  movement.  Reference  will  be  made  to  Plates  IX,  XI  and 
XXYI,  Vol,  I.  of  this  Journal,  in  which  the  characteristic  features  of 
vertical  motion  occurring  in  conjunction  with  horizontal  motion  can 
be  seen. 

In  this  country  aljsolute  vertical  motion  ^  was  first  measured 
by  Mr.  E.  Knipping  between  1878  and  1880.      During  that   period 

1     Mittheilungen  der  Deutschen  Gesellschaft,  etc.     Ostasiens  Vol.  17,  May  1879  and 
Transactions  of  the  Seismological  Society  of  Japan  Vol.  I.  p.  72. 
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eight  observations  were  made  ;  in  four  cases  the  vertical  motion 
reached  0.02  m.m.  The  laro'est  value  0.56  m.m.  was  observed  in 
the  severe  earthquake  of  February  22nd,  1880.  In  1883  Prof.  J. 
Milne,  in  conjunction  with  Prof.  T.  Gray,  made  experiments  on 
artificial  earthquakes. ^  A^ibrations  then  were  caused  by  letting 
fall  a  heavy  Aveight  from  various  heights  or  exploding  dynamite  in 
holes  made  in  the  ground.  His  results  were  principally  as  follows. 
(1)  In  the  soft  ground  vertical  motion  appears  to  be  a  free  surface 
wave  which  outraces  the  horizontal  components  of  motion.  (2) 
Vertical  motion  commences  Avith  small  rapid  vibrations  and  ends 
with  vibrations  wdiich  are  long  and  slow.  (3)  High  velocities  of 
transit  of  seismic  waves  may  be  ol^tained  by  the  observation  of  this 
component  of  motion.  It  is  possibly  an  explanation  of  the  pre- 
liminary tremors  of  an  earthquake  and  the  sound  })henomena. 

In  the  table  are  given  the  following  quantities. 

i. — Maximum  Motion  (2r)  or  the  largest  range  of  the  displacement 
of  the  ground  in  each  shock. 

2. — Complete  Period  (  ^  )  of  the  maximum  motion  or  the  time  taken 
to  make  a  complete  for-and-back  motion  of  the  ground. 

3. — Maximum  Velocity  (  -y  )  of  the  ground,  or  v  =  -^ —  . 

i^. — Maximum  Acceleration  =  —  . 

r 

The  last  two  quantities  were  calculated  Ijy  assuming  for  con- 
venience sake  the  motion  of  the  o-found  to  be  harmonic  thouo^h 
it  is  not  exactly  so  in  actual  cases. 

o. — Direction  of  the  maximum  horizontal  motion  of  the  ground. 

6. — Duration   of  the  earthquake,  i.  c.,  the  interval   of  time  from  the 
commencement    to    the   end  of  the    disturbance.       It  is    almost 

1     Transactions  of  the  Seismological  Society  Vol.  VIII. 
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impossible  to  measure  the  absolute  duration  of  earthquakes  as 
they  usually  begin  with  exceedingly  feeble  tremors  and  end 
with  very  slow  undulations. 

7. — The  distance  and  direction  of  the  origin  of  each  earthquake 
from  Tokyo,  and  its  area.  These  w^ere  kindly  supplied  by 
the  Imperial  Meteorological  Observatory.  Existence  of  vertical 
motion,  the  range  and  the  direction  of  horizontal  motion,  etc., 
may  be  examined  in  reference  to  the  position  of  the  origin  of 
shocks   and   their   area. 

By  Tremors  are  meant  feeble  shocks  whose  range  of  motion  is 
less  than  one-tenth  of  a  millimeter. 

Local  shocks  marked  hocal  are  small  earthquakes  shaking  only 
limited  regions  of  the  country  usually  from  five  to  fifteen  miles  around. 

Prof.  J.  A.  Ewing's  Horizontal  Pendulum  and  Vertical-motion 
Seismographs  were  mainly  used  in  making  these  measurements. 
They  are  automatically  started  by  the  earthquake  motion  when  it 
attains  one-fifteenth  part  of  a  millimeter.  By  increasing  the  sensi- 
tiveness of  the  instruments  the  number  of  records  may  be  propor- 
tionally increased. 

The  records,  unless  otherwise  stated,  are  those  obtained  at 
Hitotsubashi. 
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No. 

Date 

Mux. 
Iloriz. 
Xfot  on 
iu  m.m. 

Compliiti» 

Piiiod  of 

Max. 

Horiz. 

Motion 

iu  Sec. 

Max. 
Velocity, 
in  m.m. 
per  Sec. 

Accel, 
iu  m.m. 
per  Sec. 
per  Sec. 

Dirix-lion 

of 

Max. 

Horiz. 

Motion. 

Duration 

of 

Horiz. 

Motion. 

Max. 
Vertical 
Motion 
in  m.m. 

Complete 

Period  of 

Veitical 

Motion 

in  Sec. 

Duratiou 

of 
Vertical 
Motion. 

Distnnco  and 
direction  of 
origin    from 
the  observa. 

tory  iu  milef. 

Radius  of 

propapatiou 

of  seismic 

waTea  iu 

miles,  or 

area  of  dis- 

turbance  in 

sq.  miles. 

1 

Sept.     2, 
8.36.  0.  pm. 

0-3 

0-8 

1-2 

9G 

NNB 

min.  Bec. 

2.30 

0-05 

0-70 

mln.  Bee. 

0.46 

46    miles 

due    North 

inland. 

54  m. 

2 

Sept.  2G, 
0  30.  0.  p.m. 

G-5 

2-2 

9-3 

2G-6 

N76°W 

3.  35 

0-14 

0-5G 

1.42 

110    miles 

S  SOW 

in  the  ocean. 

146  111. 

3 

Sept.  28, 
5  2S.  0.  am. 

3-8 

1-7 

7 

25  8 

EW 

3.00 

Trace 

The  same  in 

general  features 

as  No.  2. 

4 

Sept.  29, 
8.3G.16.  am. 

01 

1 

0  3 

2- 

SN 

1.45 

Local 

5 

Oct.     1, 
1.  9.  0.  pm. 

1 

0-7 

4-5 

40-5 

SN 

2.00 

0-01 

004 

0.09 

59    miles 

N  35  E  on 

the  sea   shore. 

90  m. 

6 

Oct.       3. 

01 

1 

0-31 

2- 

SN 

0.50 

Local 

7 

Oct.      7, 
7.3445.  a.m. 

0-4 

0-7 

1-8 

16-2 

N1.5°E 

0.18 

Local 

8 

Oct.       9, 
7.54.  0.  p.m. 

0-1 

0-8 

0-4 

3-2 

EW 

2.00 

Local 

9 

Oct.    11, 
5.28.18.  a.m. 

M 

1 

3-5 

22-3 

WNW 

4.03 

0.02 

0.06 

71    miles 

N60E 
in  the  sea. 

83  m. 

10 

Oct.    15, 
9.  2.29.  a.m. 

0-3 

0-8 

1'2 

9-G 

\V15°N 

1.10 

l;s    miles 
WSW 

14,-333 
sq.  in. 

11 

Oct.    15, 
8.18.43.  p.m. 

1-0 

0-7 

4-5 

40-5 

ESE 

2.28 

0.03 

0.07 

35    miles 

SSE 

in  Tokyo  Bay. 

33  in. 

12 

Oct.     18, 
a.m. 

Tremors 

EW 

0.20 

Local 

13 
14 

Oct.     18, 
0.15.  0.  p.m. 

Oct.     21, 
1.15.  0.  a.m. 

0-3 
0-4 

90 
0-9 

IG 
1-4 

17-1 
9-8 

NS 
NW 

1.00 
2.02 

N  Cb'E 
69    miles 

98    miles 
N  73'W 

61   m. 

19,500 
sq.  m. 

l.j 

Oct.     24, 
5.12.18.  p.m. 

0-7 

0-9 

2-4 

IG-0 

SGO^W 

1.15 

81      miles 

nearly    E    iu 

the    sea. 

93  m. 

10 

Oct.     2G, 
10  41  11.  p.m. 

2-2 

1-4 

4-9 

21-8 

EW 

3.20 

llii    miles 
S  in  the  sea. 

139  m. 

17 

Oct.     30, 
8.31.16.  p.m. 

0-3 

1-0 

0-9 

5-4 

WNW 

2.  30 

Trace 

415      miles 

N  W 

in  the  ocean. 

34,700 
sq.  m. 

18 

Not.    16, 
1.53.36.  p.m. 

Tremoi  s 

0.30 

15    miles 
SSE 

22  m. 

19 

Xov.    IS. 

Tremors 

NS 

Local 

2IJ 
21 

Dec.      3, 
6.   1.42.  a.m. 

De.-.      7, 
1.  2.  0.  n.-n. 

0-2 
2-1 

0-G 
IG 

1-0 
4-1 

10- 
160 

NS 
NNW 

1.00 
5.02 

20      miles 
N  N  E   inland. 

9.<      miles 

E13-N 
in  the  sea. 

29  m. 

17,120 
sq.  ui. 

22 

Doc.     19, 
2.12.  0.  a.m. 

Tremors 

NS 

0.43 

Local 

23 

Dee.     19, 
6.28.  0.  p.m. 

2-8 

1-7 

5-2 

19-4 

S55°W 

and  then  tn 

X3U   \V 

1.4G 

0-22 

0-05 

0.45 

37      miles 
E35*H  inland. 

160  m. 

24 

Dec.    25, 
1.13.30.  p.m. 

0-2 

0-7 

0-9 

81 

EW 

Trace 

0.10 

Local 

25 

Dec.     28, 
10.  »;  :!0    p. m 

3  5 

1-4 

7-9 

35-7 

EW 

3.30 

1 

100 

0-06 

1.62 

29      miles 
N  N  E    inland 

98  m. 
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No. 


26 

27 

28 

'29 

30 

31 

32 

33 

34 

35 

■)6 

37 

38 

3!) 

40 

U 

12 

13 

44 

15 

16 

17 

48 

49 

50 


Dato 


Jan.      4, 
8.31.30.  p.  m. 

Jan.      5, 
4.26  42.  p.  m. 

Jan.       E>, 
6.48.  0.  a.  m. 

Jan.     18, 
9.15.  0.  p.  m. 

Feb.    18, 
3.  0.  0.  a.  m. 

Feb.    19, 
9.51.11.  a.  m. 

Feb.    22, 

Feb.    24, 
7.34.  0.  a.  m. 

Feb.    24, 
3.36.25.  p.  m. 

March     2, 

5.  3.49.  a.  m. 

Marcb     3, 
3.36.  0.  p.  m. 

Mareli  13, 
6.25.  0.  p.  m. 

March  26, 

6.  6.  0.  p.  ni. 

April     1. 

April     4, 
1.  0.  0.  a.  m. 

April   13, 
4.45.  0.  a.  m. 

April  14, 


April  23, 
4.22.22.  a.  m. 

May      2, 
p.    m. 

May      3, 
0.  0.  0.  p.  m. 

May      5. 

May     8, 
10.14.  0.  p.  in. 

May     9, 
3.  0.  0.  p.  m.  I 

May    11, 
2.31  58.  p.  m. 

May   16, 
0.   7  16   a  in 


Max.     .Complete       Max. 
Period   of  . 

Max.     !  Velocity, 
Horiz. 
Motion 
iu  Sec.   i  per  Sec. 


Horiz. 
Motion 
in  m.m. 


0-4 
0-8 
0-1 
0-3 
0-2 
O-l 
0-1 
0-5 
0-3 
0-6 

Tremors 

0-7 

0-1 

0-1 

0-4 

1-2 

0-8 

0-7 

0-] 

0-2 

0-2 

2-1 

O-.J 

0-5 

3-3 


in  m.m. 


0-7 

1 

1-2 

0-8 

0-7 

1 

0-7 

0-6 

1 

0-8 

0-9 
(l-S 

1 

I 
0-9 
0-0 
0-8 
09 
0-7 
0-9 
0-S 
1-2 
0-9 


1-8 

2-5 
0-3 
1-2 
0-9 
0-3 
0-4 
2-6 
0-9 
2-4 

2-4 
0-4 
0-3 
1-3 
4-2 
2-8 
2-7 
0-4 
0-9 
07 
8-2 
1-3 
1-7 
8-6 


Accel. 
iu  m.m. 
per  Sec. 
per  Sec. 

16-2 
15-8 

1.8 

9-6 

8-1 

1-8 

3-2 
27-0 

o-O 
19-2 

16-2 

3-2 

1-8 

8-0 
29-2 
19-6 
20-8 

3-2 

8-1 

4-9 
64-0 

6-8 
11-6 
14-8     I 


Direction 

of 

Max. 

Hoiiz. 

Motion. 


Duration 

of 
Horiz. 
Motion. 


EW 
EW 

SN 

NS 

EW 

EW 

EW 

NW 

EW 

NNE 

EW 

WNW 

SSE 

EW 

EW 

S54E 

EW 

ENE 

WE 

ESE 

EW 

N47°E 

BSO'N 

EI  CS 

NöO'W 


ni'n   sec. 

0.  54 

0.75 

2.00 

0.65 

0.22 

0.15 

0.40 

1.45 

1.20 

2.10 

0.15 

2.00 

0.65 

0.65 

2.10 

4.02 

0.40 

1.26 

0.40 

2.00 

0.54 

2.  24 

2.  50 
1.25 

3.  05 


Max. 
Vertical 
Motion 
in  m.m. 


Complete 

Period  of 

Vertical 

Motion 

in  Sec. 


Trace 


0-08 


Trace 
Trace 

0-05 


0-33 


0-4 


0-3 


0-4 


0-5 


Duration 

of 
Vertical 
Motion 


mln.  sec. 


Distance  and 
direction  of 
origin  from 
the  obseva- 
tory  in  miles. 


Eadiu.s  of 

propat^atini 

of  seismi-' 

waves    ill 

miles,    in- 

ai-ea  of  dis- 

turbauce  iit 

sq.  juileb. 


0.56 


0.04 


0.15 


0.10 


0.44 


0-8 


1.25 


^9        miles 

N    6G°    E    in 

the     sea. 

66        miles 

due    E   on 

tJie   sea   shore. 

Local 


Local 
Local 
Local 
Local 


29    miles, 
due  N  inland. 

Local 

73    miles 

due    E    in 

the   sea  shore. 

Local 

68    miles 

nearly    E   on 

the  sea   shore. 

17  miles 
S  S  E  in 
the    bay. 

Local 

l;î4    miles 

NNE  away  in 

the  sea. 

3J2    miles 

S  E  iu  the 

ocean. 

Local 

171    miles 
N  W  on  the  other 
side  of  the  island 

Local 


Local 


29    miles 
NNE  iuland. 


32    miles 
WNW  inland. 


Local 


Local 

56    miles 
nenry   N   W 

iiiliiud. 


61    m. 
73  m. 


73  m. 

78  m. 

73  111. 
24  111. 

146  m. 

Disturb- 
ance  33,U0li 
sq.  m. 

16,4(0sq.iii. 


32  m. 

85  Ml. 


18,530 
sq.  m. 
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Period  of 

Max. 

Horiz. 
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in  Sec. 

Max. 
Velocity 
inm.m. 
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Accel, 
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per  Sec. 
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of 

Max. 

Horiz. 

Motion. 

Dui'iitiou 

of 

Horiz. 

Motion. 

Max. 
Vertical 
Motion 
in  m.m. 

Complete 

Period  of 

Vertical 

Motion 

in  Sec. 

Duration 

of 
Vertical 
Motion. 

Distance  aud 
direction  of 
origin   from 
the  obscrvr- 

tory  in  milep. 

29    miles 
NNE 
inland. 

Tîndius  of 
propagation 

of  seismic 

waves  iu 
miles,  or 

area  of  dis- 
turbance in 

eq.  miles. 

85  111. 

51 

May  18, 
8.12.51.  p.m. 

0-5 

0-9 

]-7 

n-6 

S50^E 

mln  sec. 

2.15 

0-  1 

0-  3 

min.  SCO. 

0.36 

52 
53 

Mav  30, 
9.38  18.  p.m. 

June  3, 
3.  6.37.  p.m. 

0-4 
0-4 

0-9 
M 

1-4 
1-1 

9-8 
6-1 

EW 

(mainly) 

EW 

1.30 
1.31 

Ti-ace 

57    miles 
NNE 
inland. 

N  E  "r.  ttiles  in 
sea  shore. 

57  ni. 
76  111. 

54 

June  6, 
6.  0.  0.  p  m. 

0-5 

0-7 

2-2 

19-4 

EW 

1.06 

Trace 

25     miles. 

55 

Juno  11, 
1.45.44.  am. 

t  0-1 

||0-4 

0-7 
0-6 

0-4 
2.1 

3-2 

22-1 

NW 
EW 

1.02 
1.15 

E  SE  iu 
Tokyo  Bay 
15    miles. 

35  ra. 

56 

June  12. 

0-5 

0-7 

2-2 

19-4 

WE 

1.15 

Local 

57 

June.  13. 

0-3 

0-9 

1-0 

6-7 

EW 

0.36 

Local 

58 

June  14, 
6.25.19.  p.m. 

0-6 

0-8 

2-4 

19-2 

ESAV 

1.10 

0.    1 

0-  5 

0.30 

In  or  near 
Tokyo. 

35  m. 

59 

June  22 

0-3 

0-8 

1-2 

9-6 

EW 

0.52 

Local 

60 

June  28. 

0-2 

0-8 

0-8 

6-4 

EW 

0.31 

Local 

61 

July   2, 
0.33.  6.  p.m. 

Il  1-8 

1.0 
0-9 

2-2 

6.2 

13-8 

42-7 

ESE 

WNW 
ESE 

1.27 
2.24 

0.   3 
0.  3 

1.  3 

0.  8 

1.30 
1.22 

N  E  in  Ihe 
Pacific  ocean. 

Extensive 
earthquake 
sbakins  the 
whole  of  North 
Japan.  Tokyo 
on  its  edge. 

62 

July   23, 
0.57.  0.  a.m. 

^  0-6 

09 

2-1 

14.7 

NS 

1.24 

NW  un 

miles  on  shore 
line. 

Estensive 

shock    Tokyo 

ou  its  edge. 

63 

August  3, 
2.U.40.  a.m. 

Tremors 

EW 

0.20 

N  SO  miles 
iulnad. 

30  m. 

61 

.August  9, 
11.24.  0,  am. 

to 

110-5 

0-9 
0-8 

1-7 
2-0 

11-6 
16-0 

NB 
SW 
NE 

1.44 
1.10 

The  same  as 

No.  62  in  general 
featuren. 

65 

August  29, 
8.34.54.  p.m. 

0-6 

0-8 

2-4 

19.2 

ESE 

1.10 

C>Q 

Sept.  6, 
0.38.53.  p.m. 

0-2 

0-7 

0-9 

8-1 

EW 

0.  35 

Local 

67 

Sept.    12, 
8.43  22.  p.m. 

0-8 

1-2 

2-] 

11-0 

830°W 

0.50 

0.  1 

0.  4 

0.16 

111  or  near 
'J'ukyo- 

65  m. 

68 
69 

Sept.    15, 
3.  9  23.  n  111. 

Sept.    16, 
1.  2.57.  p.m. 

0-2 
0-1 

1-1 
0-4 

0-6 
0-8 

3-6 
12-8 

S3tW 

sw 

1.13 
0.  50 

Ti-ace 
Ti-ace 

Local 

NNW 
■in  luiles  iiilnud. 
Tokvo  on  edge. 

50  m. 

70 

Sept.   21, 
8.17.  0.  p  m. 

io-2 

|lo-t 

0.9 
0.8 

0-7 
1-6 

4-9 
12-8 

EW 

NS 

0.53 
1.31 

71 

S.'pt.    30.             Ô-8 

0.8 

3.1 

24-0 

SN 

0.  58 

Local 

1  8  H  0  -  1  B  8 

7. 

Duration 

r,"i 

Max. 

Complete 

Max. 

Accel. 

Direction 

Duration 

Max. 

Complete 

Distance  and 

Ra'lius  of     i 

Horiz. 

Period   of 
Max. 

Velocity 

in  m.m. 

of 

of 

Vertical 

Period   of 

of 

direction      of 

propagation    j 
of  seismic    3 

No. 

Date 

Motion 

Horiz. 

Motion 

iu  m.m. 

per  Sec. 

Max. 
Horiz. 

Horiz. 

Motion 

Vertical 

Motion 

Vertical 

origin      from 
the    observa- 

wnves   iu 

miles,    or 

area  of  dis- 

in  mm. 

in  Sec. 

per  Sec. 

per  Sec. 

Motion. 

Motion. 

in  m.m. 

in    Sec. 

Motiou. 

tory  iu  miles. 

turbüuce  iu 
sq.  mue«. 

£. 

iiiiu.  sec. 

miu.  Bee. 

I  0-2 

0-6 

1-0 

10-0 

sw 

24 

0.1 

0.4 

0.15 

72 

Oct.      4. 

2.35.25.  p.m. 

à  ■ 

NNE 
25  miles  iulaud. 

40  m. 

||0-3 

0-9 

1-0 

6-7 

WNW 

1.2Ö 

0.1 

0.5 

0.2i 

7o 

0<;t-.     22, 
3.49.14.  a.m. 

"  0-5 

0-8 

2-0 

16-0 

NS 

1.05 

ENE 
34  miles  iulaud. 

70  m. 

1     "■* 

Oct.    25, 
10.11.18.  p.m. 

0-4 

1-2 

M 

6-1 

SE 

1.40 

O.l 

0.5 

0.34 

The  same  in 

geuoral  features 

as  No.  72. 

1  0-3 

1.9 

0-9 

5«4 

NS 

1.15 

Trace 

75 

Nov.     1, 
6.13.  5.  a.m. 

0-8 

2-0 

16-0 

NS 

0.59 

0.1 

0.5 

0.16 

1     ''•^ 

Xov.     2, 
8  21.46.  p.m. 

5- 
0-2 

1-1 

0-6 

3-6 

WNW 

1.40 

0.1 

0.6 

0.33 

N  SO  miles 

inliiud. 
N  E  in  the 

ÖS    miles      j 

Moderaip     | 

sized  sboL-k     1 

77 

Pacific  ocean. 

Dec.     4, 
2.  0.39.  p.m. 

1  0-3 

0-8 

1-2 

9-6 

SW 

1.50 

0.1 

0.3 

1.12 

N  E  120  miles 
iu  the  Pacific 

140  m. 

ocean. 

78 

Dec.     6, 
0.40.  0.  p.m. 

Tremors 

0.29 

Local 

79 

Dec.    8, 
11.58.16.  a.m. 

0-3 

0-9 

1-0 

6-7 

SN 

2.02 

N  SO  miles 
iulaud. 

35  m. 

80 

Dec.  11, 
10.16.25.  p.m. 

0-4 

0-9 

1-3 

8-5 

SN 

1.16 

Trace 

S  E  150  miles 

in  ocean  near 

the  shore. 

120  111. 

81 

Dec.  12, 
10.11.55.  p.m. 

Lost. 

82 

Dec.  21, 
3.  7.  2.  a.m. 

Tremors 

1   ^"3 

Ü--5 

1-9 

24-1 

S50°W 

0.37 

0.1 

0-4 

0.26 

83 

Dec.  26, 
5.48.  5.  p.m. 

i|0-8 

0-6 

4-2 

44-1 

NNW 

0.51 

0.3 

0.6 

0.21 

In  or  very  near 
Tokyo. 

65  111. 

8i 

Dec.  29, 
n.  5  43.  am. 

'  0-5 

0-6 

2-6 

27-0 

SB 

1.0 

0.2 

0.5 

0.18 

N  '2-2  miles 
iulaud. 

43  m. 

J  7-3 

2-0 

11-5 

36-2 

SSW 

6.24 

1.3 

1.0 

1.12 

85 

.Jan.  15, 
6.52.  0.  p.m. 

if  21 

2-5 

26 

63 

S65°W 

(Principal  m 

6.35 

otion2min.) 

1.8 

0.9 

1.38 

35  miles. 

2U0  m. 

5-= 

( 

) 

86 

Jan.   IG, 
10.16.19.  pm. 

^  0-6 

0-7 

2-7 

24-3 

variable 

1.55 

The  same  iu 

general  features 

as  No.  t-S. 

87 

Jan.  24, 
10.40.50.  pm. 

0-4 

0-7 

1-8 

16-2 

EW 

2.06 

Local 

Exlended 

88 

Jan.  2S, 
3.54.  8.  pm. 

0.4 

11-8 

1'6 

12-8 

ENE 

1.05 

N  W  in  the 
Paciâc  oceau. 

aloutr  the 

coasts    Ol' 

North-Jaimii 

89 

Feb.     2, 
2.  8.14.  pm. 

U-8 

00 

28 

22-1 

S30W 

1.58 

178 
WSW 

180  m. 

00 

March     2, 
5.33.21.  p.m. 

Tremors 

Origin  inland. 

Small  eartli- 
qimke. 

91 

March  20, 
11.32.53.  p.m. 

Tremors 

Local 

02 

March  23. 

0-3 

0.8 

1-2 

96 

WE 

0.45 

Local 

1887 


No. 

Date 

Max. 
Horiz. 
Motion 
in  m.m. 

Complete 
Period  of 

Max. 

Horiz. 

Motiou 

in  Sec. 

Max. 
Velocity 
in  m.m. 
per  Sec. 

Accel, 
in  m.m 
per  Sec. 
per  Sec. 

direction 
of 

Max. 
Hoiiz. 
Motiou. 

Duration 

of 
Horiz. 
Motiou. 

Max. 

Vertical 
Motiou 
in  m.m. 

Complete  Duration 

Period  of         „f 

Vertical     ,,      .     , 
,,    .          Vertical 
Motiou 

in  Sec.    '  Motion. 

! 

Distaucd  aud 

diitctiou      of 
Kiigiu      from 
the      obseva- 
tory  iu  miles. 

Eiidius  of 
propn^iitinii 
of  seismic 
waves    iu 
milci,    or 
area  of  dis- 
turbauce iD 
sq.  miles. 

9S 

1 

April     i, 

8.46.  0.  a.m. 

Tremors 

m'n  sec. 

min.  sec. 

N.  58  miles 

iulaiid.  Tokyo 

ou  edge. 

ijo  m. 

'.n 

April     9, 
11.49.54.  a.m. 

Tremors 

The  same  as 
N.  !'3. 

05 

April   16, 
3.35.  0.  a.m. 

5  Ü-2 

a 

l|0-4 

0-7 
0-8 

0-9 
1-6 

8-1 
12-8 

variable 

SW 

NE 

0.40 
1.52 

Träte 

0-1 

0-8 

0.28 

ENE 

;î5    mile:>. 

o7  m. 

96 

April  20, 
2.35.  0.  a  m. 

"  0-3 

1 

0-9 

ü-i 

EW 

0.40 

Local 

!»7 

April  Ü3, 
G.30.  0.  p.m. 

TrcUKirs 

Local 

08 

April  27, 
9.3Ü.3.S.  p.m. 

0-5 

2-7 

0-6 

1-4 

SN 

2.20 

iu  Tokyo  Bay 
17  miles. 

oo  m. 

09 

April  29, 
11.12.10.  a.m. 

1-4 

Lost 

(occurred) 

hi;) 

May     2, 
11.25.40.  a.m. 

t  u-i 

0-6 

2-1 

22-1 

NB 

0.57 

0-1 

0-5 

0-17 

Iu  or  uear 
Tokyo. 

101 

May     4. 

0-8 

1 

2-5 

15-6 

ENE 

1.12 

Local 

1(12 

May     5, 
2.35.10.  am. 

Ü-1 

0-9 

0-3 

1-8 

EW 

0.35 

Local 

10:J 
1 II 1 
lii.j 
1 0(3 

May    6, 
3.49.50.  p.m. 

May     7, 
7.13.12.  a.m. 

May     9, 
0.  9.14.  a.m. 

May  17, 
4  19.44.  p.m. 

Tremors 
U-2 
Ü-8 
0-2 

0-7 
0-7 
0-3 

0-9 
3'G 
2-1 

8-1 
31-9 
44.1 

NS 
S65°W 

NS 

1.27 
2.11 
0.20 

Local 

Tlie  sfime  iu 
^euenil  features 
OS  No.  hH.  but 
suuiUer  iu  ex- 
tent. 

Local 

N.  3n  miles 

iniand,  Tokyo  ou 

tliR  edge  of  the 

disturbauce. 

40  111. 

1U7 

May  21, 
9.46.20.  p.m. 

1  (>4 

0-6 

2-1 

22-1 

NS 

0.35 

N  20  miles, 

Tokyo  uear 

origiu. 

b)  111. 

108 

May  29, 
0  50.52.  a.m. 

1  0-6 

l-B 
M 

1-0 
6-0 

3-3 
34.3 

NS 
WIO-N 

4.02 
4.30 

0-2 

Lost 

M 

2  22 

N  N  E  l:0  miles 
on  sbore-lines, 
Tokyo  in  the 
middle  of  dis- 
turbed area. 

ExteubiTe 

shock. 

1  00 

June     1. 

"  u-1 

0-7 

0-4 

3-2 

EW 

0.51 

Local 

ilO 

Juue   17, 
1.41.41.   a.m. 

]  Tremors 

Local 

111 

Juue  20, 
8.38.30.  a.m. 

if  0-2 

0-8 
0-9 

0-8 
1-4 

6-4 
9-8 

EW 

variable 

1.20 
1.35 

N  E  7r)  milei 
oil  shure-line. 
Tokyo  ou  the 
cage  of  d.  a. 

1(10   miles. 
Moderately 

extensive 
eai'thquake. 

112 

June  21, 
2.  2.35.  p.m. 

Tremors 

1.05 

Local 

113 

Juue  22, 
7.42.39.   a.m. 

||  0-2 

ii>3 

0-6 

0-7 

1-0 
1-3 

10-0 
11-2 

SN 
NW 

0.46 
1.38 

E  40  miles 
ou  dbore-liue, 
Tokyo  ou  edge. 

bo  m. 

1887. 


No. 


111. 

11. J 

lie. 
117 

118 

119 


Date 


•Tune  30. 
8.  0..35.  a.m. 


July    2, 
3.16.2'1.  p.m. 


July     i. 

July  11, 
3.  7.42.  p  m. 


Max. 
Hoiiz. 
Motion 
iu  m.m. 


Tremors 

o 

I  0-Ü 

i|Ü-6 

0-2 


S  0-2 


i  ].0 


July  22,       ;": 
8.27.  0.  p.m.    %ii.,i 


Auijast  15,         ]l-9 
0.59.15.  a.m. 


Complete 

Period  of 

Max. 

Horiz. 
Motiou 

in  Sec. 


0-G 
0-9 
0-9 
0-5 
1-4 
1-8 

0 


Max. 
Velocity 
iu  m.m. 
per  Sec. 


3-1 
2-1 
0-7 
31 
2.3 
3-3 
30 


Accel. 
iu  m.m. 
per  Sec. 
per  Sec. 


320 

14-7 
4-9 
9-Gl 

lOG 

12-1 
9-5 


Direction 

of 

Max. 

Horiz. 

Motion 


S20°E 
NNE 

EW 

SN 

EW 
N30W 

SN 


Duiatiou 

of 

Horiz. 

Motion. 


1.30 
1 .  01 
0.32 
0.24 
1.38 
o.  o/ 
3.  O.J 


Max. 
Vertical 
Motiou 
in  m.m. 


Trace 
Trace 


0.  1 


Complete 

Period  of 

Vertical 

Motiou 

iu  Sec. 


0.    () 


Duration 

of 
Vertical 

Motion. 


Distance  aud 
dircctiou  of 
orif»iu  from 
the  observa- 
tory in  miles. 


1.01 


W  -15  miles, 
Tokyo  ou  edjje. 


Local 


The  same  iu 

general  feature 

as  No.  02  aud  No 

61.  Exteusivo 
I      earthquake. 

N  E  105  miles 

ou  sbore-liue, 

Tokyo  ou  tlie 

edge. 
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Notes. 

For  reference  see  corresponding  numbers  in  the  tables  and  in  notes. 

No,  1. — This  earthquake  was  moderate  in  its  size  being  enclosed 
within  the  radius  of  47  miles.  It  affords  a  good  example  of  both 
horizontal  and  vertical  motions.  The  maximum  horizontal  motion 
occurred  at  the  third  second  frc^m  the  commencement  of  the  shock  ; 
at  this  thne  the  vertical  motion  was  still  exceedingly  feeble  although 
it  was  recoo-nazible  from  the  beç^innino;.  It  reached  its  maximum 
3  seconds  later  than  the  horizontal  motion  which  had  been  then 
much  reduced  in  its  amplitude.  The  vertical  motion  was  smaller 
than  the  horizontal  motion  in  the  ratio  of  1  to  6  ;  its  period  was 
quicker  in  the  ratio  of  7  to  8  and  its  duration  of  motion  was  shorter 
in  the  ratio  of  1  to  o'3.  The  direction  of  the  maximum  horizontal 
motion  was  NNE  and  SSW  while  the  origin  of  the  earthquake  lay 
in  due  N  from  the  observing  station. 

No.  2. — This  shock  o-ave  the  second  lar^'est  motion  recorded 
in  the  Table.  The  horizontal  motion  was  comparatively  feeble  during 
the  first  20  seconds,  but  gradually  augmented  and  remained  active 
during  80  seconds.  The  vertical  motion  appeared  from  the  beginning 
but  was  A^ery  small  notwithstanding  the  large  horizontal  movement 
that  accompanied  it.  The  ratio  of  the  former  to  the  latter  was  1  to 
46  in  amplitude,  1  to  4  in  period  and  1  to  o'^  in  duration. 

In  this  and  in  the  f)llowino-  shocks  it  will  be  observed  that  the 
direction  of  the  local  movement  of  the  ground  at  the  observing  station 
and  the  direction  of  the  origin  of  the  shock  from  the  city  did  not 
generally  coincide. 

No.  3. — This  earthquake  disturbed  the  same  portion  of  the 
country  as  No.  2,  but  with  less  force.       The  ground  moved  almost 
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equally  in  all  directions.  Moue  than  120  complete  waves  whose 
periods  varied  from  0*7  seconds  to  3  seconds  were  registered.  Not- 
withstandingf  the  existence  of  the  considerable  horizontal  motion  no 
vertical  motion  appeared. 

No.  4. — This  was  one  of  the  local  shocks  which  frequently 
occnr  in  this  and  in  other  parts  of  the  country.  Its  area  of  disturb- 
ance is  often  not  more  than  a  few  square  miles.  The  motion  is 
genernlly  feeble  in  those  local  shocks. 

No.  5. — The  ratio  of  the  vertical  motion  to  the  horizontal 
motion  was  1  to  10  in  amplitude  and  1  to  13  in  duration. 

No.  13. — More  than  50  distinct  waves  of  small  amplitudes  were 
counted. 

No.  14. — This  extensive  earthquake  originated  among  the  moun- 
tain di.^trict  of  Shinano  which  is  one  of  the  highest  portions  of  the 
country  2,000  ft.  above  the  sea  level.  There  are  one  active  and  many 
extinct  volcanoes.  The  seismic  waves  were  not  propagated  much 
beyond  Tokyo. 

No.  21. — Tokyo  was  in  the  middle  of  the  shaken  district. 

No.  23. — Both  horizontal  and  vertical  tremors  were  visible  from 
tlie  beginning  ;  but  at  the  fifrh  second  tliere  suddenly  appeared  a 
large  horizontal  motion  (maximum).  Distinct  vertical  waves  came 
a  few  se("onds  later.     See  Plate  XT,  Vol.  I  of  this  Journal. 

No.  25. — 'The  motion  commenced  slowly  and  was  not  preceded 
by  Cjuick  tremors  as  is  usually  the  case.  The  Observatory  was  com- 
parativelv  near  the  orio-in  of  the  disturbance. 

No.  33. — This  was  a  middle  sized  earthcpiake  in  which  the 
observing  station  was  near  its  origin.       The  maximum  horizontal 
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motion  occurred  6  .seconds  from  tlie  commencement  sind  the  maxi- 
mum vertical  motion  2  seconds  later.  Several  distinct  verHcnl  waves 
of  the  average  period  of  0'3  seconds  were  registered. 

No.  39. — Trace  of  the  vertical  motion  was  visible  though  the 
shock  was  only  local  and  the  motion  small. 

No.  41. — The  whole  of  North  Japan  was  disturbed  by  this  sliock, 
tlie  observing  station  being  near  the  southern  extremity  (^f  the  dis- 
turbed district. 

No.  47. — The  origin  which  was  inland  was  comparatively  near 
the  city.  There  were  hardly  any  vertical  tremors  during  the  first  few 
seconds  while  there  were  considerable  horizontal  tremors.  A  decided 
horizontal  motion  occurred  at  the  beginning  of  the  sixth  second  ;  more 
pronounced  vertical  motion  began  one  and  half  seconds  later  and  its 
maximum  ocurred  several  seconds  after.  See  l^late  IX,  Vol.  \  <^f 
this  Journal. 

No.  50. — This  was  another  large  earthquake  in  which  the  seismic 
waves  were  propagated  from  the  origin  some  120  miles  both  north  and 
south,  and  61  miles  toward  the  west,  where  they  were  stc^pped  by 
the  mountain.  On  the  east  they  reached  the  Pacific  Ocean.  The 
observing  station  was  comparatively  near  the  origin. 

This  shock  was  preceded  by  tremors  of  quick  period  during  the 
first  eight  seconds,  then  there  suddenly  appeared  the  maximum 
horizontal  motion  ;  at  this  time  tlie  vertical  motion,  which  was 
visible  from  the  beo-innino;  was  vet  verv  small — -0-0(S  m.m.  with  a 
period  of  0"-l  second  ;  afYer  (î  seconds  it  reaching  the  maximum,  and 
continued  for  eighty-five  seconds  with  decreasing  amplitudes  and 
with  lengthening  periods.  The  ratio  of  the  vertical  motion  to  that 
of  horizontal  motion  was  1  to  8'3  in  amplitude,  1  to  l'ö  in  period 
and  1  to  2*2  in  duration. 
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No.  Öl. — This  earthqnnlve,  nltlioiigh  it  was  quite  extensive  and 
its  origin  was  comparatively  near  the  observing  station,  produced 
small  motions.  The  vertif^al  motion  was  visible  from  the  commenr-e- 
ment,  and  exhibited  its  maximum  at  the  seventh  second  when  the 
horizontal  motion  was  also  largest. 

No.  61. — This  extensive  shock  disturbed  the  whole  of  North 
Japan,  Tokyo  being  near  the  edge  of  the  distur1)ed  area.  The  pecu- 
liarity in  this  shock  was  the  unusually  large  vertical  motion  with  its 
slow  period. 

The  ratio  of  vertical  motion  to  horizontal  motion   in    Hongô  1:2*5 
„  „         „  „  „     „  Hitotsubashi  1:6 

,,  horizontal  ,,    in  Hongö  to  that  of  „  1:2*5 

55  vertical      ,,     ,,       ,j  ,,      ,,      ,,  ,,  i:i 

No.  62. — Originating  on  the  shores  of  the  Japan  Sea,  the  shock 
crossed  the  whole  breadth  of  the  main  island.  Nearer  the  origin  the 
motions  were  very  violent  and  somewhat  destructive  ;  it  stopped  the 
flow  of  springs  and  shattered  houses. 

No.  64. — In  general  features  this  shock  resembled  that  of  No.  62. 
It  disturbed  the  same  parts  of  the  country  and  likewise  caused 
considerable  damage  thoug-h  in  less  deo-ree. 

No.  67. — Vertical  and  horizontal  motions  began  at  the  same 
moment,  but  the  maximum  of  the  latter  preceded  that  of  the  former 
by  several  seconds. 

No.  72. — Tökvö  was  comi^arativelv  near  tlie  ori^'in. 

No.  75. — Tokyo  was  near  the  edsfe  of  the  disturbed  area.  The 
maximum  horizontal  and  vertical  motions  were  simultaneous. 

No.  76. — Tokyo  was  near  the  outskirt  of  the  aitected  district. 
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No.  77. — It  was  quite  a  strong  shock  nearer  its  origin  which  was 
in  the  sea  not  far  from  the  shore.  The  maximum  vertical  motion 
arrived  several  seconds  before  the  maximum  horizontal  motion. 

No.  83. — A^ertical  motion  was  comparatively  large  considering 
the  smallness  of  the  horizontal  motion  ;  moreover  it  was  clearly  pro- 
nounced exhibiting  eight  distinct  waves.  Its  maximum  appeared 
a  few  seconds  after  the  horizontal  maximum. 

No.  8Ô. — This  is  one  of  the  two  largest  earthquakes  in  1887. 
The  origin  of  the  shock  was  in  SW  about  35  miles  from  the  Observa- 
tory. The  seismic  waves  propagated  nearly  200  miles  to  the  west 
and  north-east  along  the  Pacific  sea-board.  On  the  north-west  they 
approached  to  the  shores  of  the  Japan  Sea.  They  shook,  in  all,  about 
82,000  square  miles  of  land  area. 

At  Hitotsubashi,  after  few  seconds  from  the  commencement  of 
the  shock  the  o-round  moved  suddenly  3  m.jn.  toward  the  west.  At 
the  thirtieth  second  the  maximum  horizontal  motion  recorded  in  the 
Table  was  observed,  which  apparently  corresponded  with  the 
maximum  horizontal  motion  in  Honml.  More  than  sixty  distinct 
shocks  were  recorded. 

At  Hongö,  the  earthquake  commenced  with  quick  tremors. 
During  the  third  second  there  appeared  for  the  first  time  a  vigorous 
horizontal  motion  in  NW  and  SE  (i.  e.  at  riofht  anodes  to  the  line 
joining  the  origin  of  the  disturbance  and  the  Observatory)  accompanied 
by  a  consideral)le  vertical  displacement.  The  maximum  vertical 
motion  occurred  at  the  ninth  second.  The  maxinuiin  horizontal 
motion  occurred  at  the  thirty-third  second. 

Decided  vertical  and  horizontal  motions  simultaneously  occurred 
at  the  second  second.      See  Plate  XXVI,  Vol.  I  of  this  Journal. 
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The  ratio  of  the  max.  h.  in.  in    Iltjngo  to  tli:ir  of  liitotaiibasihi  1:8 

J)                5)          35          35             5?            ^*    ^^"      33                33               3»          33           33                  33  io:io 

,,         ,,     ,,     ,,       ,,       V.  m.   to  mnx.   li.  ni.    in     Hitotsuhashi  1:12 

J?                33          33          33             33              33       33          53            33              33        33           33          IlOHgO  1:0 

No.  95. — Tokyo  was  on  tlic  edo;e  of  the  disturbed  area.  'J'here 
were  a  ï^^w  distinct  \  ertieal  wa\'e.s  at  Hitotsubashi. 


Summary    of   Results. 

The  results  obtained  iVom  n  study  of  tlic  ])reeedin;jf  lable  in:iy 
be  summarised  as  folh)ws. 

In  most  of  the  earthquakes  vertical  motion  did  not  aj^pcar,  tliat 
is,  the  ground  moved  entirely  in  a  horizontal  plane.  This  was  on 
account  of  the  origin  of  the  disturbance  being  far  away  ïvoxn  the 
observing  station.  In  the  above  table,  if  we  reject  the  slight  shocks 
marked  trcvior,  and  the  doubtfid  cases,  we  see  that  out  of  100  earth- 
quakes vertical  moti(3n  occurred  in  28  only,  /.  6'.,  once  in  3"()  shocks. 

Taking  a^•erages  of  all  the  quantities  in^•olved  in  these  28  cases, 
we  find  : — 

Maximum  horizontal  motion      1*2  m.m. 

Complete  period  of  maximum  horizontal  motion      ....  1  sec. 

Duration  of  horizontal  motion     12-1  sec. 

Maximum  vertical  motion 0'18  m.ni. 

Complete  period  of  maximum  \ertical  motion 0*56  sec. 

Duration  of  vertical  motion       ■12  sec. 

Treating  similarly  the  horizontal  motions  in  05  earthquakes 
recorded  at  Hitotsubashi  (soft  soil),  we  find  : — 

Maximum  horizontal   motion     0*73  m.m. 

Complete  period  of  maximum  horizontal  motion        ...   0*76  sec. 
Duration  of  horizontal  motion    117  sec.  • 
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Also  from  alike  treatment  of  the  horizontal  motions  in  18  earth- 
quakes recorded  at  Hongö  (hard  ground),  we  get  :  — 

Maximum  horizontal  motion       0*37  m.m. 

Complete  period  of  maximum  horizontal  motion       ...   0*76  «ec. 
Duration  of  horizontal  motion     74  sec. 

The  values  of  the  horizontal  motion  given  in  the  first  tîibulated 
set  of  averao'es  are  laroer  than  those  in  the  second  and  third.  The 
reason  is,  clearly,  that  shocks  containing  vertical  motion  are  generally 
larger  than  those  witlKnit,  so  that  the  sec(jnd  and  third  sets,  Avhich 
include  shocks  both  with  and  without  vertical  motion,  naturally  give 
smaller  averages. 

Although  the  second  and  the  third  sets,  referring  as  they  do 
to  ditferent  shocks,  are  not  strictly  comparable,  they  nevertheless 
show  in  a  general  way  that  in  hard  ground  the  motion  is  smaller, 
the  period  quicker,  and  the  duration  shorter,  than  in  soft  soil.  Their 
ratios  are  1  to  2,   1  to  1'3  and  1  to  1'5  respectively. 

In  the  above  sets  of  averages  the  records  of  the  somewhat  des- 
tructive earthquake  of  January  15th,  1887,  were  not  included  as  that 
Avas  much  larger  than  the  ordinary  shocks  we  are  dealing  with.  For 
the  sake  of  comparison  the  characteristics  of  that  shock  as  registered 
at  Hitotsubashi  are  now"  given. 

Maximum  horizontal  motion       21  ni.m. 

Complete  period  of  maximum  horizontal  motion       ...   2* 5  sec. 
Duration  of  horizontal  motion     G  min.  o-l  sec. 

(Principal  motion  2  min.) 

Maximum  vertical  motion 1*8  min. 

Complete  period  of  maximum  vertical  motion 0*9  sec. 

Duration  of  vertical  motion 98  sec. 

For  details  see  No.  So.     In  the  earthquake  of  October  loth,  1884, 
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Î«  inaxiinuiii  horizontal  motion  of  42  ni.ni.  ^vith  n  complete  period  of 
2  seconds  was  recorded  at  the  above  named  place. 

When  vertical  motion  occinTed  it  was  invariably  smaller  than 
the  horizontal  motion  as  is  obvious  from  the  first  set  of  averajres.  The 
a\erage  ratio  of  the  two  components  of  the  motion  was  1  to  6,  or  the 
former  was  only  one-sixth  of  the  lattei-. 

The  period  of  the  vertical  motion  was  shorter  than  that  of  the 
horizontal  motion.  Their  a^'era2■e  ratio  bein"-  1  to  1"8.  That  is 
■when  the  ground  made  one  to-and-fro  motion  it  also  perf)rmed 
during  the  same  time  nearly  two  complete  up-and-down  oscillations^ 
Tn  all  the  preceding  tables  the  periods  of  the  maximum  vertical  motion 
are  given,  l)ut  the  periods  in  the  other  parts  of  the  disturbances  "were 
much  shorter.  i'bey  varied  from  0*2  seconds  to  0*5  seconds. 
Exceedinolv  feeble  tremors  of  a  few  seconds  duration  îrenerallv 
]>receded  the  principnl  motions  as  in  the  case  of  the  horizontal 
motions. 

The  duration  of  the  vertical  motion  was  much  shorter  than  that 
of  the  horizontal  motion.  It  occurred  invariablv  dnrina*  the  early 
stages  of  the  earthquake  and  generally  ended  before  the  horizontal 
components.  The  average  ratio  of  the  two  durations  was  1  to  3^ 
or  the  horizontal  motion  continued  three  times  lon^'er  than  the 
vertical. 

Tlie  ^ertical  motion  almost  invariably  appeared  when  the 
horizontal  motion  had  reached  1  m.m.  which  was  more  than  the 
average  amplitude  in  ordinary  earthcpiakes.  Out  of  100  shocks  there 
were  18  cases  in  which  the  ground  moved  more  than  1  m.m.  Out 
of  these  18  earthquakes  vertical  motion  occurred  in  11  cases,  or  78- 
per  cent,  and  did  not  appear  in  the  remaining  4  cases. 

But  on  the  other  hand  vertical  motion  also  appeared  in  certain 
cases  when  the  horizontal  motion  was  less  than  1  m.m.     Out  of  the 
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28  shocks  already  specified  as  showing  vertical  motion,  14  showed  a 
horizontal  motion  of  more  than  1  m.m.,  while  in  the  other  14  cases 
the  horizontal  motion  was  less  than  1  m.m. 

Again  when  we  analyze  the  14  cases  which  had  vertical  motion 
with  less  than  1  m.m.,  we  see  that  in  9  shocks  tlie  o])serving  station 
was  in,  ov  comparatively  near  to  the  centre  of  the  disturbed  districts, 
and  in  the  remaininsf  5  cases  it  Avas  at  a  considerable  distance 
from  the  origin.  In  other  words  vertical  motion  generally  appeared 
when  the  orisfin  of  the  disturbance  was  near  tlie  observin"*  station. 
In  such  a  case  the  vertical  motion  might  have  come  directly  through 
the  earth-crust  from  the  origin,  and  not  in  the  form  of  free  surface 
waves.  It  must  be,  however,  noted  that  there  Avere  4  cases  in  which 
the  observing  station  w-as  comparatively  near  the  centre  of  dis- 
tiu'bance,  Ijut  in  which  vertical  motion  did  not  (jccur.  Tbey  were 
all  small  shocks,  with  maximum  motions  less  than  1  m.m. 

In  earthquakes  showing  l)oth  horizontal  and  vertical  motions, 
feeble  but  cpiick-period  tremors  of  both  types  simultaneously  preceded 
the  principal  movements.  The  more  decided  and  pronounced  motion 
usually  appeared  first  in  the  horizontal  component,  and  then  came 
the  large  vertical  movements.  For  the  diagrams  oï  motion  see 
Plate  IX  and  l^late  XI,  Vol.  I  of  this  Journal. 

Tremors,  or  rpiick-period  minor  waves  generally  j)recede  earth- 
quake proper  and  their  probable  connection  with  sound  phenomena 
has  been  discussed  in  tliis  country  by  Profs.  Ewing^,  Milne'^  and 
Knott.^  The  vertical  motions  Avhich  have  just  been  considered 
possess  in  great  measure  the  chnractcristics  of  these  minor  tremors. 

It  is  a  well-known  fact  that  the  movement  of  the  grcjund  at  the 
time  of  earthquakes  is  very  complex,  and  that  the  ground  moves  in 

1  Memoirs  on  Earthquake  Measurements,  p.  11. 

2  Earthquake  Notes —  Sound  Phenomena,  Trans  :  Seis  :  Soc  :  Vol.  XII. 

3  Earthquakes  and  Earthquake  Sound,  etc.,  to  be  published  in  Trans:  Seis:  Soc:  Vol.  XIII. 
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alj  aziinutUs  during  a  prolong-ed  .-iliakiiig.  Fn  the  earthquakes  discussed 
ill  the  present  paper  tlie  direction  and  the  distance  of  the  <n-igin  of 
(b'sturbance  from  the  observing  station  were  known,  as  also  the 
<lirection  of  tlie  maximum  movement  of  the  ground.  Xo  definite 
relation  l)etweeH  these  du-ections  can  Ijc  established.  Seismic  waves 
indeed  must  sutler  much  reÜection,  refraction  and  diffusion  as  they 
nrooTess,  and  the  co-existence  of  normal  and  transverse  waves  is  a 

1  O  ' 

distinct  element  of  confusion. 

Out  of  119  earthc|uakes  recorded  in  the  tables  42  were  local 
shocks,  which  extended  only  over  a  small  tract  of  land  from  a  few 
miles  to  10  or  15  miles  around.  They  caused  the  ground  only 
slightly  to  tremble  and  the  horizontal  motion  of  the  ground  was 
from  0*1  m.m.  to  O'o  m.m.,  or  even  less.  There  were  four  cases 
in  which  the  nitjtion  reached  0.8  m.m.  Xo  vertical  motion  occurred 
in  these  local  shocks. 

There  Avere  119  shocks  during  the  two  years,  which  means  more 
than  one  shaking  ])er  week. 

As  the  continuation  of  these  observations  will  be  published  in 
the  coming»'  numbers  of  this  Journal  further  oreneralizations  or  conclu- 
sions,  that  might  be  deduced  from  the  facts  now  given,  will  be 
reserved  for  a  future  paper. 
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Errata. 

^^''^''^  ''^^  eth  line,  for    .^    h7 ~^ 

"      '^^'  ^^^line,  add   '^  tZT  '   ''"^    '^  ^^^-<^hWte." 
"      ^^•^'  ilth  line  for  .  ^'-^l^^^-^^on  aiono-  the  .;,-.  x^  • 

'"''  ^^^     specimen  ä  "  r,,.   .  "^''^  ^''P^  v  " 


and  ^()auici.ii        ^ 

fonflexure    (Schaarung),    as    Sness^^    unv 


1)  TJeber  den  Ban  untl  die  Entstehun<^  der  japanischen  Inseln,  Berlin,  1S85,  p.  79. 

2)  loc.  cit.  p.  50. 

3)  E.  Naumann,  Die  Erscheinnngen  des  Erdmagnetismus  in  ihrer  Abhängigkeit  vom  Bau 
der  Erdrinde,  Stuttgart,  1SS7,  p.  17. 

4)  A  letter  from  T.  Harada  rea  l  in  the  '  Sitzung  der  mathematisch-natur-\nssensclaftlichen 
Classe  vom  7.  Juli,  1887.'     Vide  'Akademischer  Anzeiger,'  Xo.  XVII,  Wien. 


On  the  so-called  Crystalline  Schists  of  Chichibu. 

(The  Sambagawan  Series.) 

by 

Dr.  Phil.  Bundjirö  Koto. 


With  plates  II,  III,  IY,&V. 


Introduction. 


Tlie  district  of  Chicliiba  is  in  the  Main  Island  (Ilonsiu)  of  Japan 
Ivino-  to  the  north-west  of  oar  nietropoHtan  city  (jf  Tokyo  within 
a  dnv's  march.  From  considerations  geological  rather  than  ])o]incal, 
Dr.  E.  Naumann  1)  has  very  appropriately  called  this  region  the  "alte 
Bero-land  von  Kwanlö"— all  the  mountainous  districts  surrounding 
Chichihu  proper  being  comprehended  under  this  designation.  The 
district  now  under  consideration  lies  to  the  east  of  the  s«vcalle<l 
great  geologic  ditch  or  '■fossa  magna  '  of  E.  Nauinannj^O  which  inter- 
sects the  Main  Island  from  south-east  to  north-west  through  the 
provinces  of  Izn,  Snriiga,  Kai,  and  Sinano,  thus  separating  Xorthcrn 
and  Southern  Japan.  The  \fossa  magna,'  or  the  Japanese  mountain- 
con  flexure    (Schaarung),    as    Suess=^)    and    Harada-^)    call    it,    sends 

1)  Ueber  den  Bau  und  die  Entstehung  der  japanischen  Inseln,  Berlin,  1885,  p.  79. 

2)  loc.  cit.  p.  50. 

3)  E.  Naumann,  Die  Erscheinungen  des  Erdmagnetismus  in  ihrer  Abhängigkeit  vom  Bau 
der  Erdrinde,  Stuttgart,  1SS7,  p.  17.  ,    ^  ,•  u 

4.)   \  letter  from  T.  Harada  read  in  the  '  Sitzung  der  mathematisch-naturvnssenscLaftlichen 
Classe  vom  7.  Juli,  1S87.'     Vide  'Akademischer  Anzeiger,'  No.  XVII,  Wien. 
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CreJacecm.'i 


Lower 


Diagram  I.  «.—Normal  sericite  scliist.  fc.— Green  spotted 
schUt.  f.— Piedmoiitite  scliist.  tl. — Black  spotted  schist,  c. — 
Epidote-sericite  gneiss.  /.— Gabbro  and  .gabbro-diorite.  f/.— Pyr- 
oxenite.  ampliibolite  and  serpentine.  /*. — Red  ami  white,  platy 
quartzite.  -/.. — Adiuole slate.  ./.  -Lower schalstein,  h. — Limestone 
(lens-shaped  bed).  /. — Coralline  limestone.  >n.— Slate.  «.— Gray- 
wacke-sandstone.  o. — Common  liornstoue.  p. — Upper  schal-itein. 
p' — Diabase  sheets.  ?.'— Fusnlina  limestone.  </. — Sandstone,  r, — 
Shale,    s. — Tufaceous  sandstone. 


oiit  a  wiuLi'  Nvliicli  continues 
fiirilier  norlhwtird  into  the 
Alxikunia  and  Kitakaini 
inoiintains.  This  north- 
easterly wing"  of  the  remark- 
able mountain  C'onflexure  of 
Japan  siitfered  many,  con- 
ï?i(lerable  interruptions  in  its 
way,  especially  in  the  ])lain 
(";f  Mnsasi  and  Kozuké  ;  and 
the  distri<'t  in  question  is 
only  a  part  of  this  wing. 

(ieolog'ically  speaking,  this 
extenive  reirion  of  Chi('liil)u 
is  in  itself  a  complete  one,  be- 
ing liounded  on  the  west  and 
south  by  high  volcanic  chains 
of  the   well-known   Fuji  and 
Yatsuo'adaké,    together    with 
the  granite-massives  of  Kim- 
pözan  and  the  Mikuni-yama  ; 
while  the  remaining  parts  are 
open,  and  covered  by  Tertiary 
and  still  younger  series  of  the 
Tokyo  basin,  of  which  a  brief 
account   was  lately  given  by 
Prof  D.  Brauns  in  his  "  Geo- 
logy    of    the     Environs     of 
lokio. 

Isolated   as  it  is  within  a 
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limited  area,  still  the  building  materials  of  its  geologic  edifice  are,  to 
the  writer's  view,  those  compo«ing  nearly  all  the  systems  that 
occur  elsewhere  in  Japan,  and  therefore  the  earth's  history  of 
Chichibu  may  indeed  serve  as  a  type  of  our  geologic  formatiom>. 
Mr.  Ötsuka,  a  graduate  of  our  university,  took  up,  at  the  writer's 
request,  the  district  in  question  for  the  subject  of  his  thesis,  m  order 
to  explore  thoroughly  its  geognostic  condition.  As  the  result  of  his 
study  in  field  and  laboratory,  he  has  eventually  succeeded  in  recogniz- 
ing a  certain  regular  order  of  sequence  of  strata  younger  than  the  so- 
called  crvstalline  schists.  From  various  observations  taken  as  far  as 
possible  at  différent  points  of  the  Chichibu  mountains  by  the  Avriter 
and  Mr.  Otsuka,  and  from  the  data  ascertained  by  Mr.  Otsiika,^) 
with  which  the  writer's  scheme  is  also  incorporated,  the  latter  chiefiy 
referring  to  the  ?  pre- Carboniferous  and  Sambagawan  series,  we  were 
eventually  enabled  to  recognize  the  following  stratigraphie  order  of 
rock  series,  counting  from  the  very  lowest  that  is  ever  developed  in 
this  region  ;  it  must  at  the  same  time  be  remarked  that  the  names  of 
fossils  here  given  should  Ije  taken  with  reserve,  and  considered  as 
only  of  an  approximate  value,  as  we  can  not  pretend  to  any  thing 
more  than  this  at  the  present  state  of  our  knowledge  : — 


(Compare  Diagrain  I.  page  78.) 

'   1   Xormal  sericite-schist  together  with  the  piedmontite-schist 
in  its  upper  horizon. 

2  Green,  and  black  spotted  schist. 

3  Lamellar  epidote-sericite-gneiss. 
•i  Amphibole-pyroxene    schist,    })yroxene-amphibole    schist, 

pyroxene-epidote,  and   amphibole-epidote  schist,  together 
with  serpentines,  gabbros  and  the  gabbro-diorites. 


ce 

C3     03 


1)  On  the  Geology  of  the  Mountain-districts  in  Chichibu  and  Kanra,  1887.  (Manuscript^. 
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5  Red,  and  white,  platy  qnartzite. 

6  Adinole-slate  overlying  the  preceding. 

7  The  lower  schalstein,  intercalated   with   the  adinole-«late, 
and  also  the  limestone  with  crinoidal  stems  and  corals. 
Graywacke-sandstone  and  slate,  intercalated  in  their  loAver 
horizon  with  the  adinole  slate. 

Siliceous  slate  or  common  hornstone  overlaid  by  another 
series  of  the  adinole-slate. 

The  upper  schalstein  and  the  siliceous  Iladlolarian  slate. 
Diabase- sheet  sometimes  occurs  in  this  horizon. 
The  FusuUna-\m\e,^ione.j  etc. 

The  Jurassic  subgroup  composed  of  the  medium -grained, 
grayish  sandstones  and  shales. 

(«)  Ihe  above-mentioned  sandstones  afford  rich  remains 
of  Cijrena,  Mdania,  Mijacitcs  ;  while  (6)  in  shales  we  have 
found  the  remains  of  plants,  viz.,  TJnjrsoptcris,  Nilsonicif 
Dichsoiiia,  Podozavtitcs,  rccoptcris  and  Zamitcs. 
14  The  Cretaceous  subgroup  consists  of  thick  sandstones  and 
shales  with  Tri<joniœ  belonging  to  the  section  Scahrce, 
Peteroperna,  Ostrea  ( Alectryonia),  Patella,  Exogijra,  an 
e volute  form  of  Ammonites,  Inoceramus,  Alaria,  Ecliino- 
spatangus,  Area,  Ciicullaea,  Sohn,  Anisocardia,  Nucida, 
Pholadomija,  Montlivaidtia  and  Lucina. 
Lastly,  the  Tertiary  basin  of  Chichibu,  being  made  up  of 
hard  sandstones  with  marly  layers,  has  furnished  many 
fossils,  the  descriptions  of  which  have  lately  been  given 
by  Dr.  D.  Brauns  in  his  valuable  contribution  to  the 
geology  of  Japan,  entitled  :  'Geology  of  the  Environs  of 
Tokio.'  Mr.  Otsuka  made  an  addition  of  other  forms  to 
the  list  of  Brauns,  viz.,  Area,  Turritella,  Voluta,  Nucula, 
\      and  an  Eehinoid. 
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The  same  rule  holds  good  with  regard  to  the  regular  successive 
order  of  the  geologic  series  in  the  other  parts  of  the  empire  ;  the 
Trias,  however,  which  is  represented  by  the  Pseudomonotis-heaving 
strata  extensively  developed  in  Isadomae  in  Rikuzcn,0  î^ariwa  in 
BitchiO,  and  Sakavva  in  Tosa  has  not  yet  been  oljserved  in  our 
reçcion.2) 

As  to  the  literature  relating  to  this  district,  there  exists  ab- 
solutely nothing  worthy  of  a  scientific  value.  A  few  years  ago,  the 
writer  travelled  through  the  present  geologic  terrane,  and  embodied 
his  preliminary  result  in  a  paper  "  On  the  Geology  of  the  South- 
western Districts  of  Közuke  (manuscript);  "  this  is  all  we  have  up  to 
the  present.  The  detailed  geological  map.  Section  Maebasi,  covers  a 
part  of  our  region  ;  but  to  his  great  disappointment,  the  writer  could 
not  derive  any  profit  from  it,  as  the  system  ado[)ted  in  the  map  is  too 
primitive. 

During  the  last  winter-holidays,  the  writer  made  a  fortnight's 
trip,  with  the  hope  of  ascertaining,  if  possible,  a  certain  regular  suc- 
cession of  the  oldest  rock-complexes  known  in  tliis  district,  as  here- 
tofore no  one  had  ever  attempted  to  follow  up  the  stratigraphical 
order  in  detail. 

The  field  of  our  researches  is  only  a  small  part  of  the  rather 
extensive  region  of  the  'Bergland  von  Kwantö,'  being  especially  con- 
fined to  the  boundary-district  of  Musasi  and  Közuke  provinces,  where 

1)  E.  Naumann  ;  Heber  das  Vorkommen  von  Triasbilclungen  im  nördlichen  Japan,  in  the 
'Jahrbuch  der  geologischen  Reichsanstalt'  in  Wien,  XXXI  Band,  1881,  ps.  510-528.  Vide 
also  '  Mittheilungen  der  deutchen  Gesselschaft  für  Natur-uud  Völkerkunde  Ostasiens.  Vol. 
III,  p.  205. 

2)  The  Japanese  fossil  describetl  as  Monoiis  salinaria  by  E.  Naumann  seems  now  to  be  in- 
cluded among  the  group  of  Pseiidomonott.t  ochotica  which,  according  to  Teller,  has  a  ■wide 
distribution  in  the  western  States,  U.  S.,  in  New  Zealand,  New  Caleilonia,  in  the  Himalaya, 
and  Japan.— M.  Neumayr,  'Erdgeschichte,'  II  Band,  p.  26ß.  E.  Mojsisovics,  'Arktische 
Triasfaunen.'    Mém.  Ac.  imp.  de  St.  Petersbourg,  Tome  XXXIII,  No.  6.  p.  123. 
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the  so-called  crystalline  schists^)  are  fully  exposed  to  view,  and  the 
study  of  their  geognostic  condition  forms  the  subject  of  the  present 
paper.  The  following  gives  only  a  compendium  of  the  writer's  notes, 
and  from  the  nature  of  the  circumstances,  much  more  cannot  he 
expected. 

The  writer  now  proposes  to  treat  the  subject  in  the  following 
order  : 

A.— Petrography  of  the  Sambagawan  series. 

(rt)     General  remarks. 

{h)     The  lower  division  or  the  normal  sericite-schist. 

(c)  The  middle  division  or  the  spotted  graphite-schist,  and 
spotted  chlorite-amphibolite- schist. 

(d)  The  upper  division  or  epidote-sericite-gneiss. 

B.— Architectonics  of  the  Sambagawan  series. 

(e)  General  remarks. 

(/)  The  Lower  Sand^agawan. 

(g)  The  Middle  Sambagawan. 

(  //  )  The  Upper  Sambagawan . 

(  I  )  Profiles. 

(_/')  Relation  of  the  topography  and  geology  of  the   Samba- 
gawan terrain. 

(/,•)  Massive  rocks. 

C.— Conclusion. 


1)  It  should  be  here  expressly  remarked  that,  when  speaking  of  cn/.-^tiillinc  sc]iists  of 
Ohichibu  in  the  present  paper,  the  writer  takes  them  only  in  the  petrographical  sense,  and 
does  not  necessarily  imply  those  of  the  Archaean  group. 
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A.    Petrography  of  the  Crystalline  Schists. 

(The  Sambagawan  Series.) 


(a)   General  Remarks. 

However  simple  and  monotonous  the  structure  may  appear  when 
we  travel  through  a  territory  of  schists,  still  there  are  sufficient  diver- 
sities to  be  seen  even  l)y  a  casual  observer.  It  is  to  be  deeply  re- 
gretted that  crystalline  schists  have  been  regarded  with  utter  indif- 
ference by  our  geologists,  so  that  they  have  been  mapped  barely  as 
such  and  taken  heed  of  no  more  ;  but  in  reality,  these  old  schists 
can  tell  more  of  the  history  of  the  past  than  others,  although  the 
events  lie  hidden  by  the  veil  of  time.  Dissimilarity  in  structure,  in 
colour,  and  the  fluctuation  of  relative  quantities  of  mineral  components 
are  sufficiently  considerable  to  allow  of  brief  characterization. 

The  rocks,  of  which  the  writer  is  now  speaking,  represent  those 
complexes  which  form  the  very  foundation  of  the  geologic  architecture 
in  the  Chichilni  region,  upon  which  the  later  formations  were  built  up. 
E.  Xaumann^)  says,  when  speaking  of  the  Archîcan  group  in  general, 
"  that  the  crystalline-schist  system  in  Japan  consists  of  mica-schist, 
talc-schist,  and  chlorite-schist  etc.,  together  with  subordinate  layers  of 

serpentines   and  marbles Those  schists  of  the  '  Bergland  von 

Kwantö  '  are  also  characterized  hv  a  very  complicated  mode  of  occur- 

rence ^l^'^^^y  describe  a  deformed  are."     His  statements  evidently 

refer  to  the  region  whi(h  is  now  under  consideration.  But  the  rocks 
here  developed  show  many  peculiar  characters  of  their  own,  not 
observed  in  the  normal  types  of  crystalline  schists,  and  this  abnormalîty 

1)  loc.  cit.  p.  9. 
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has  lately  induced  the  writer  to  make  a  somewhat  closer  study  of  these 
ancient  schists. 

The  rock-components  of  the  Cliichihu  schists  are  of  a  crystalline 
natm'e  as  in  those  of  normal  types  ;  the  texture  of  the  rocks  is, 
however,  less  perfectly  developed,  some  being  compact,  others  thick- 
handed,  while  the  third  is  wrinkled  and  corrugated  by  mechanical 
action  due  to  the  earth's  movement.  All  our  schists  in  common 
present  a  phjllitic  aspect  ;  but  the  use  of  that  name  should  here  be 
guarded  against,  for  to  the  term  phyllite,  geologists  attribute  some- 
times a  eeochronic  meaning;  on  account  of  its  usual  occurrence  in  the 
crystalline  schist  system  ;  sometimes  we  understand  it  petrographi- 
cally  as  having  green  ov  colourless  fibrous  scales — the  phyllitic 
constituent,  and  also  as  having  a  schistose  structure. 

The  most  characteristic  components  of  our  schists  are  sericite, 
epidote,  and  calcite.  The  presence  of  these  already  bespeaks  the 
nature  of  the  rocks  in  question  ;  for  in  the  genuine  crystalline  schists, 
these  minerals  are  often  totally  absent. 

Taken  in  îieneral,  our  rocks  have  a  close  relation  to  the  so-called 
'Casanna  Schiefer,'  or  Studer's  'aeltere  graue  Schiefer'  of  the  Alps,  or 
to  the  sericite-gneisses,  and  sericite-schists  of  the  districts  of  Nassau, 
and  Taunus,  in  Germany. 

The  whole  series  of  the  rocks  in  question  may  be  found  along 
the  Sambagawa  valley,^^  north-west  of  a  small  town  Onisi,^)  Kanra 
district,  where  it  is  developed  in  its  full  proportions,  and  where 
interesting  exposures  may  be  seen.  The  writer  proposes  now  the  name 
of  the  Samhagawa  .^ieries  to  the  metamorphic  schists  of  this  district. 
It  is  a  name  which  does  not  involve  any  theory,  and  may  be  used  by 
any  party  in  the  case  of  a  controversy  respecting  its  age.  This 
designation  may  not  be  of  a  mere  local  value  as  the  same  series  recurs 
in  other  parts  of  Japan,  especially  in  the  Island  of  Sikoku. 
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(b)    The   Lower   Division. 

Normal  Sericite-schist. 

It  is  u  grayish- white,  thick-foliuted  rock  with  a  wavy  sweep  on 
the  sheen  surface.  Slabs  show  numerous  prominences  of  a  yellowish 
tinge,  owing  to  the  presence  of  epidote  crystals.  'J  he  cleaved  face 
has  a  silky  lustre,  due  to  the  parallel  arrangement  of  fibrous  scales 
of  sericite.  The  rock-ingredients  yre  quartz,  some  felspars,  sericite, 
calcilc,  a  ijeUowisJi-greefi  epidote,  iron-tjlance,  iron-mica,  and  lastlv,  rutde  ; 
apatite,  the  most  common  accessory  component  in  the  massive  r«)cks 
and  schists  is  remarkable  by  its  absence  in  the  rock-series  now  in 
consideration. 

The  greater  part  of  the  rock-mass  is  made  uij  of  quartz-yraiiis. 
Their  external  boundaries  are  quite  irregular,  and  appear  as  if  one 
overlapping  the  other.  By  a  simple  macroscopical  examination,  the 
part  occupied  by  quartz  presents  almost  an  homogeneous  aspect,  and 
gives  an  impression  as  if  it  were  occupied  by  solidified  masses  of  the 
colloid  silica  of  the  diagenetic  origin.  ]>y  the  use  of  an  upper  Nicol, 
the  state  of  things  is  found  to  be  quite  otherwise  ;  the  apparently  homo- 
geneous mass  resolves  itself  into  an  aggregate  of  quartz  grains,  each 
having  optically  different  orientations,  and  in  many  cases  showing 
a  marked  undulatory  extinction.  The  granulation  of  the  cpiartz  is 
particularly  pronounced  where  the  rock-masses  have  been  subjected 
to  minute  foldings  and  flexures,  whereby  the  dismembered  parts 
are  more  or  less  pushed  further  on  one  side  or  the  other.  This 
complicated  condition  may  be  best  seen  in  fig.  1.  VI.  II.  which  is 
drawn  from  a  transverse  section  of  the  glaucophane  schist  from 
Otakisan,  Awa, — the  rock  probably  belonging  to  the  same  geoloo-ic 
age  as  the  Lower  Sambagawan  schists.  On  looking  at  the  figure,  it 
is  evident  that  the  sericite  (hydromica)  was  originally  arranged   in 
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regular  order,  separated  by  bands  of  a  homogeneous  (but  not  amor- 
plioiis)  quartz.  The  S(3-formed  rock  has  Ijeen  then  subjected  to  the 
act  of  crushing  l)y  mountain -making,  and  that  trituration,  as  it  were, 
must  have  been  secondarily  induced,  may  be  proved  from  the  discon- 
tinuity of  irregular  fissnres  which  become  very  numerous  on  the  upper 
and  l(3wer  margins  of  the  quartz-bands,  but  stop  short  at  the  centre. 
These  fissures  are  particularly  numerous  at  the  turning  points  of  the 
plicature  of  tlie  rocks,  and  indeed,  the  quartz  appears  there  perfectly 
granular. 1)  F.  I'ecke  has.  in  rocks  of  a  similar  nature,  encountered 
the  quartz-grains  arranged  in  a  fan-shaped  form  ;  this  being  shown  by 
the  manner  in  which  the  extinction-direction  of  polarized  light  varies 
as  the  grains  are  examined  in  succession  around  the  radial  centre.  He 
has  rightly  compared  this  phenomenon  with  that  in  the  twisted  smoky 
quartz  from  the  Kreutzlipass  in  Switzerland.^)  This  peculiar  fact  of 
which  the  cause  is  apparently  unknown  to  him  may,  as  it  seems  to  the 
writer,  be  ascribed  to  the  special  circumstances  under  Avhich  the  rock 
containing  a  homogeneous  quartz  has  been  granulated.  R.  Küch,^) 
while  studying  the  rocks  from  Mamanyamatali,  Western  Africa,  seems 
to  have  noticed  a  similar  fact,  and  from  this,  he  formed  a  hypothesis 
regarding  the  clastic  nature  of  the  epidote-mica-schist,  in  which  he  saw 
the  structure.  Some  of  these  grains  (apparent)  may  be  a  product 
of  secondary  infiltrations,  and  they  are  distinguished  from  the  rest  by 
weak  polarization-colours.  Such  grains  are  generally  free  from  inter- 
positions and  inclosures,  whatever  the  kind  may  be,  as  this  quartz  is 
the  latest  among  the  rock- components.  Slow,  insensible,  undulatory 
extinction  of  light  invariably  takes  place  in  this  variety. 

In  a  schist  from  Inatsuka,  in  the  Sambagawa  valley,  we  noticed 


1)  Michel-Levy  calls  such  quartz   masses   "Quartz  granulitique."    Bull.  geol.  (3)  VII. 
p.  846.  1879. 

2)  Tschermak;  Min.  u.  petr.  Mitth.  Band  VI.  'Gesteine  von  Griechenland,'  p.  6ti. 

3)  ibid.     Band  VI,  p.  102. 
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the  very  interesting  fact  that  the  (juartz  here  behaves  just  Uke  an 
isotropic  mineral.  As  this  variety  fills  up  the  interstitial  spaces  of 
the  matrix,  it  is  liighly  probable  that  this  quartz  may  be  an  infiltra- 
tion-product, and  serves  as  a  cement  for  the  other  ingredients.  AVith- 
out  the  use  of  an  upper  îs^icol,  it  is  hardly  recognizable  as  such,  and 
a  slide  presents  a  perfectly  homogeneous  appearance;  but  by  the  help 
of  an  upper  Nicol,  it  is  soon  discovered  that  the  portion  apparently 
homogeneous  resolves  itself  into  numerous  crystalline  grains  of  quartz 
cemented  by  an  amorphous  variety. 

Taken  as  a  whole,  the  quartz  in  all  varieties  of  rocks  of  the 
Sambagawa  series  is  poor  in  both  liquid-inclosures  and  gas-pores,  and 
such  as  are  found  are  exceedingly  minute  in  size.  These  inclosures 
are  arranged  in  chains,  and  run  approximately  parallel  to  each  other, 
sometimes  terminatino-  at  the  margin  of  the  o-rains,  or  sometimes  heiuu: 
continued  on  to  adjacent  grains  of  different  o])tical  orientation;  some- 
times again,  these  chaiiis  begin  from  contiguous  points  of  the  neigh- 
bouring grains,  especially  "where  the  margins  end  in  protuberances 
and  indentations.  Bearing  in  mind  the  facts  just  stated,  these  in- 
closures seem  probably  to  be  of  a  secondary  natiu'e. 

The  rock  now  under  consideration  has  possibly  assumed  the 
present  state  through  siliceous  induration  of  a  graywacke  or  a  volca- 
nic tuff;  hence  the  colloid  aspect  of  (piartz  in  it  and  the  paucity 
of  inclosures.  The  silica  may  have  been  derived  from  the  original 
rock  by  molecular  rearrangement  or  in  part  may  have  come  from  other 
sources  as  a  solution,  and  after  the  solidification  the  quartz  may  have 
been  granulated  by  mechanical  force  due  to  movements  of  the  earth's 
crust. 

The  felspar  is  very  ^  ariable  in  quantity.  In  the  normal  sericite 
schist  from  Sueno  near  Yorii,  it  is  rare;  while  in  that  of  Ol)oké  along 
the  Yosino-gawa,  in  Awa,  it  constitutes  the  main  part  of  the  rock  at 
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the  expense  of  quartz.  The  felspar  is  usually  larger  in  size  than 
the  quartz-grains,  and  never  shows  any  indication  of  crystallographic 
faces  ;  on  the  contrary,  the  periphery  is  exceedingly  irregular  having 
deep  indentations  and  sharp  projecting  points. 

It  appears  to  the  writer  that  the  felspar  grew  externally  by 
secondary  enlargement,  consequently  it  has  tendency  to  assume  more 
or  less  a  porphyritic  habitus.  While  the  exterior  of  a  larger  felspar 
was  still  undergoing  the  process  of  accretion,  the  imbibed  silica,  or 
in  part  a  silicate  of  sodium  or  potassium  which  had  served  as  a 
solvent,  seems  to  have  just  begun  hardening.  Such  being  the  case, 
the  margin  of  the  porphyritic  felspar  assumes  a  ^?<rtSi-granophyritic 
or  micropegmatic  structure,  though  by  no  means  a  perfect  one,  when 
compared  with  the  typical  development  in  granophyres,   fig.  2,  FL  II. 

The  felspars  often  shoAv  a  corroded  appearance.  They  are  of  a 
remarkably  vitreous  aspect,  quite  fresh,  and  often  bear  evident  traces 
of  the  basal  cleavage  ;  parallel  stripes  are  few,  and  there  is  no  poly- 
synthetic  lamellar  structure.  The  oblique  extinction  takes  place  at 
about  27°  with  reference  to  the  vertical  stripes.  It  may  be  inferred 
from  these  facts  that  the  felspars  are  mainly  orthoclase,  while  some 
may  probably  belong  to  an  acidic  plagioclase. 

The  most  prominent  feature  in  the  felspar  is  the  interp(3sition  of 
opaque,  highly  lustrous  iron-glance  ;  the  latter  l)y  reflected  light  shows 
a  slight  bluish  tinge,  especially  on  the  surface  of  thick  lamellae  into 
which,  according  to  Miigge,^)  the  mineral  is  said  to  be  easily  parted, 
the  plane  of  the  lamelhe  corresponding  to  11  =  ir  (lOll)  of  iron-glance. 
Thin  plates  of  blood-red  iron-mica  together  with  epidote-grains  and 
rutile-needles  are  also  mixed  up  with  the  o})aque  iron-glance  in  the 
felspar- substance  as  in  fig.  3,  PL  II.  All  these  are  localized  in  the 
centre,   and   the   periphery   of  the  felspar  is   fringed    with    greenish 

1)  Neues  Jahrbuch  f.     Miu.  etc.  18Si,  I  Baud  p.  216. 
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fibrous  lamellae  of  sericite.  The  same  structure  also  occurs  in  all  the 
rocks  belonging  to  the  Sanibagawan  series,  and  may  be  considered  as 
characteristic  of  these  rocks.  The  same  is  also  typically  developed 
in  the  graphite-sericitc  schist,  to  which  we  shall  have  occasion  to 
refer  afterwards. 

Quartz-grains  are  frequently  found  as  enclosures  in  the  felspars 
without  anv  definite  crvstalloirranhic  relation  to  the  latter.  In 
massive  rocks,  felspars  belong  to  an  earlier  generation  in  crystallizing 
out  from  the  rock-magma,  but  here  a  portion  of  quartz  has  solidified 
prior  to  that  of  alknli-alumina  silicites.  so  that  the  physical  condition 
durinfy  the  formation  of  the  rock  must  have  been  a  ditt'erent  one.^) 

The  sericite  is  of  a  yellowish-white,  or  light  grass-green  colour 
w^ith  silky  lustre.  In  the  latter  case,  it  is  pleochrijic,  showing 
strong  absorptions  parallel  to  the  axis  of  a  plication.  In  some 
places  as  in  Azuhata  in  the  province  of  Hitachi,  a  rock  similar  to  the 
'  pierre  ollaire  '  or  Giltstein  of  the  Alps  is  found,  being  essentinlly 
made  up  of  sericite  with  a  few  admixtures  of  quartz.  This  affords 
us  a  good  material  for  the  stud}^  of  sericite.  It  is  a  light  greenish- 
white  mineral  with  a  perfectly  smooth  surface  of  cleavnge  and  is 
extremely  thin-lamellar.  Its  stauroscopic  figure  shows  a  tolerably 
wide  axial-angle  like  that  of  muscovite.  The  sericite  was  isolated  l)y 
means  of  the  Thoulet  solution  from  a  glaucophane-bearing  rock 
occurring  in  Otakisan  near  Tokusima  in  Awa,  and  Mr.  Tnkayama, 
of  the  Geological  Survey  of  Nippon,  kindly  undertook  a  chemical 
analvsis  of  the  mineral,  the  result  of  which  is  as  follows  :  — 

SiO, 53.01 

AUG, 34.70 


1)  Michel- L''vy  calls  those  round  quartz-graias  irregularly  distributed  in.  orthoclase 
"  Quartz  do  corrosion,"  and  considers  them  to  be  of  a  secondary  origin.  J.  Koth,  All- 
gemeine u.  Chemische  Geologie,  II  Band,  III  Heft,  p.  393.     1887. 
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Fe,03... 

. . .    trace 

CaO  ... 

...     0.27 

MgO... 

...     0.50 

JuO  ... 

...     6.05 

m,o... 

...     1.01 

HoO  ... 

...     4.67 

100.21 

•   Our  sericite  differs  from  the  normal  t^^pe  in  containing  an  excess 
of  Si  0.,,  but  less  of  Al.,03  and  KoO. 

Boricky's  sample  also  contained  pi^^tassium,  and  a  small  qiiantiry 
of  calcimn  and  sodium. 

The  flakes  of  sericite  show  a  minutely  folded  texture;  their  appear- 
ance closely  resembles  wrinkled  band)oo-paper,  and  this  structure  is 
very  characteristic  of  this  mineral.  The  sericite  is  commonly  heaped 
aroimd  the  periphery  of  felspars  and  epidote  after  the  manner  of  a 
fringe,  as  if  it  were  produced  from  both  minerals.  (  %.  3,  PI.  II). 

A  greenish-yellow  epidote  occurs  in  irregular  plates,  traversed  as 
usual  by  numerous,  approximately  parallel,  curved  fissures  in  the 
direction  of  the  vertical  axis.  As  these  transversal  rents  are  probably 
the  contraction-fissures,  tlieir  course  is  at  rio-ht  ano-jes  to  the  cleavao:e- 
planes  (oP.oo  Poo  )  of  this  mineral.  The  size  varies  from  Yi,-1  centim., 
and  seldom  sinks  into  microscopic  dimensions  ;  so  that  the  mineral  is 
macroscopically  discernible  as  yell<nv  spots  on  the  cleaved  [)lane  of 
the  rocks. 

A  characteristic  feature  of  the  epidote  in  this  rock  is  the  abun- 
dance of  microscopic  interpositions  of  iron-glance,  and  rutile-needles. 
The  former  is  sometimes  heaped  together  in  such  enormous  quantity 
within  the  crystal  as  to  give  to  the  epidote  almost  an  opaque  appear- 
ance, while  the  periphery  is  comparatively  free  from  it.  Crystals  are 
torn  asunder  into  vai'ious  parts,  each  part  being  joined  to  the  other 
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hy  fibrous-scaly  lamellae  of  a  greenish  sericite.  Pleochroism  is  dis- 
tinct and  intense  nearly  in  the  direction  of  the  vertical  axis.  Epidote 
crystals  arrange  themselves  with  the  orthopinacoid  parallel  to  the 
plane  of  the  schistosity  of  the  rock,  consequently  its  transversal 
section  exhibits  a  vicinal  clinopinacoid  of  epidote  as  an  imperfect 
rhomboid,  tapering  at  both  ends. 

Our  epidote  belongs  to  a  common  type  in  its  crystal-form  by 
having  M  and  r  or  oV  and  Poo  as  the  predominating  faces  ;  consequently 
the  clinopinacoidal  section  presents  a  flat  rhomboid  (M  :  r:=116°); 
while  the  manganese-epidote  which  also  makes  its  appearance  in  tliis 
variety  of  rock,  is  of  a  nearly  rectangular  rhomboid,  when  viewed  in 
a  similar  section  as  the  preceding.  This  is  due  to  the  fact  that  in  the 
latter,  Ï  and  i  constitute  the  predominating  faces  which  make  with 
each  other  an  ano-le  of  99°  or  81°. 

Irreü^ularities  of  outline  mainlv  result  from  the  neiohbourino- 
quartz  grains,  which  push  inwards  into  the  substance  of  the  crystals, 
and  when  the  interior  become  full  of  such  large,  vitreous  quartz- crvstal- 
loids,  the  epidote  appears  not  unlike  a  melilite  in  l)asalts  in  regard  to 
the  structure.     Xo  e\'idence  of  twins  can  be  found. 

The  rhombohedra  of  (laniet  occur,  without  exception,  of  a  light 
green  colour  (in  the  garnet-amphibolite  the  colour  is  deep  brownish- 
red,  and  the  crystal  becomes  a  magnetic  bead  before  the  blow-pipe). 
Sometimes  the  crystals  merely  make  up  the  external  part,  while 
the  centre  is  filled  with  cpiartz,  and  then  the  garnet-substance  is  full 
of  fissures  proceeding  from  the  contact  point  with  the  quartz  ;  rutile- 
needles  are  found  within  the  crvstal  in'niost  confused  accunuilations, 
suggestive  at  times  of  whirlwinds,  and  showers  of  needles  occur 
within  the  garnet-substance  as  in  fig.  -J-.  I'l.  II.  The  garnet  is 
equally   distributed   throughout   the  whole  of  the  rock,  so  diitering, 
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in  the  lack  of  any  special  arrangement,  from  the  other  mineral  com- 
ponents.    Optical  anomalies  are  not  observed  in  pure  individuals. 

Some  occurrences  are  particularly  rich  in  Calcite  in  irregular 
patches,  occasionally,  however,  in  the  idiomorphic  form  of  perfect 
rhombohedral  crystals.  The  latter  case  seems  usually  not  common 
in  the  gneiss  of  the  Archaean  group.  Calcite-patches  often  contain 
quartz-  and  felspar-grains.  Traces  of  the  rhombohedral  cleavage 
appear  in  bent  and  zigzag  lines,  partaking  of  the  plicature  of  the 
rock-mass  itself.  It  is  highly  probable  that  the  calcite  in  this  rock  is 
of  a  primary  nature. 

The  opaque  iron-glance  and  the  blood-red  iron-mica  are  constant 
components  in  this  rock  as  well  as  in  those  of  the  two  upper  divi- 
sions. The  opnque  iron-oxide  has  a  lamellar  structure  and  exhibits 
a  bluish  tinge  on  the  smooth  surface,  when  ol)served  by  reflected 
lig-ht.  Botli  varieties  of  hematite  are  usually  irreo-ular  in  their 
distribution,  being  massed  together  in  one  part  and  remark ai)ly  absent 
in  others,  and,  as  has  been  already  said,  they  are  particularly  rich 
in  the  felspars  and  epidote. 

The  rutih'  is  the  most  characteristic  component  of  the  Lower 
Sambagawan  Series.  It  occurs  in  both  types  of  twins,  the  one  is 
heart-shaped,  being  composed  of  broad  crystals,  the  other  knee-shaped. 
These  sometimes  occur  in  trilling  according  to  Px  and  3 Poo  at  the 
same  time.      So  far  for  the  descriptiim  of  the  component-minerals. 

The  normal  sericite-fichist  has  itself  a  special  structure,  being  caused 
by  an  alternation  of  the  quartz-felspar  mass  with  fine  layers  of  sericite 
too-ether  with  garnet,  and  ores  of  iron-oxides  ;  and  as  the  consequence 
of  such  an  arrangement,  the  rock  cleaves  into  thin  plates.  A  good 
exposure  may  be  observed  at  the  quarry  in  Sueno  near  Yorii. 

A  peculiar  structure  has  been  observed  in  the  course  of  the  study, 
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to  -which  the  Avriter  wislies  to  call  special  attention.  It  has  already 
been  pointed  out  on  page  85,  that  the  quartz  forming  the  matrix  ha.s  a 
colloid  appearance,  and  that  the  felspar-grains  apparently  corroded 
at  their  edge  are  imbedded  in  this  homogeneous  quartz,  as  if 
cemented  together  by  a  plaster.  It  may  perhaj)s  be  conveniently 
called  the  plastered  structure.  This  differs,  hoAvever,  from  Türne- 
bohm's  ^^  "  Miirtel-Structur,"  by  which  we  understand  a  fine  aggregate 
of  quartz  and  felspar  containing  large  allomorphic  minerals  of  the 
same  species. 

The  upper  horizon  -)  of  the  Lower  division  is  characterized  by 
a  most  peculiar  rock,  viz.,  tlie  piedinontite-schist. 

The  next  higher — the  Middle  divisicjn  of  the  Sambagawa  series 
— is  essentially  formed  by  an  alternation  of  two  distinct  types  of  rocks. 
These  are  the  spotted  (jreeu,  and  spotted  black  sclu'sts.  The  piedmont  it  c- 
schist  which  has  just  been  mentioned  commonly  occurs  iu  thin  bands 
in  the  lower  étage  of  these  spotted  schists.  Nevertheless  the  writer 
considers  it  to  be  an  integral  part  of  the  Lower  Sambagawan.  It 
will  now  be  shortly  described.  iSo  far  as  the  writer  is  aware,  it 
has  not  3'et  been  found  in  other  parts  of  the  world,  or  at  least 
up  to  the  present  ncit  recorded  in  any  geological  literature  he  has 
seen,  Tliis  faft  induced  the  present  writer  lately  to  work  it  out 
somewhat  in  detiiil,  in  a  separate  ]'aper  in  this  journal  Vol.  I, 
part  III,  t(3  which  the  reader  is  referred  for  the  details.^) 

This  rock  is  of  a  purple  coloin-,  hence  locally  calitd  the 
"  Murasaki  "  or  purple  rock.  It  is  rather  more  compact  than  the 
normal  sericite-schist  ;  but  it  easily  cleaves  into  thin  })lates.  On  a 
weathered    surface,    beautiful    purple-red    ciyslals   of  piedmontite   or 

1)  RosenbuEch  ;  'Massige  Gesteine,'  2  te  Aufl.  p.  42. 

2)  See  Note  I  iit  the  end  of  the  paper. 

3)  Vide  also  Quart.  Jouru.  Geol.  Soc.,  1887,  pp.  474  et  6eq. 
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manganese-epiclote^)  are  clistinctly  visible  in  long  needles  Avith 
unsymmetrical  wedge-shaped  terminations  at  botli  ends,  trans vertally 
fissured,  sometimes  pushed  asunder  into  several  portions  ;  in  other 
cases  the  piedmontite  is  bent  like  crystals  of  tourmaline  or  common 
epidote.  The  best  exposure  is  found  along  the  banks  of  the 
Ara-kawa  river  near  the  village  Minano,  or  nenr  Otakisan  in  Awa. 
Clusters  of  needles  may  often  be  seen  together  with  quartz-nests 
as  at  Miyanosavva  near  Obata,  or  at  Kamakata  near  Ogawa.  It  is 
not  easy,  however,  to  get  out  a  good  sample,  as  they  are  so  intimately 
imbedded  in  the  quartz-aggregate. 

The  components  of  the  piedmontite-schist  are  (besides  the 
manganese-epidote)  quartz,  sericite,  a  greenish-yellow  garnet,  rutile, 
non-striped  felspars,  and  the  blood-red  iron-glance.  On  account  of  the 
parallel  position  of  the  piedmontite-aggregate  with  layers  of  quartz- 
grains,  transverse  sections  of  the  rock  jtresent  a  regular  banded 
appearance.  The  clinopinacoidal  section  of  the  mineral  is  of  rhom- 
boidal outline,  caused  by  the  predominance  of  the  traces  of  T  and  i, 
and  when  the  face  M  is  at  the  same  time  well  develo])ed,  the 
section  is  six-sided.  Parallel  growth  and  inter<xrowth  of  two  or 
more  individuals  of  different  sizes  may  be  found  everywhere,  and 
tliese  are  the  main  causes  of  striation  upon  the  crystal-faces  in  the 
direction  of  the  axis  of  symmetry  (ortho-axis).  The  colour  of  the 
piedmontite  is  deep  ^dolet,  and  often  yellowish-brown.  A  jjrobable 
explanation  of  the  considerable  difference  in  colours  has  been  given 
in  a  separate  paper  (Kjc.  cit.).     Axial  colours  are: — 5(  =  deep-violet  ; 

1)  Prof.  A.  Stelzner,  of  the  '  Bergakademie/  Freiberg  in  Saxony,  has  favoured  the  writer 
with  a  few  lines,  dated  30th  July,  of  this  year,  after  receiving  my  paper  on  'Some 
Occurrences  of  Piedmontite  in  Japan/  (this  Journal,  Vol.  I,  Part  III,)  which  run  as  follows  : 
"Die  Arbeit  ueber  Piedmontit  interessirte  mich  um  so  mehr  als  Sie  das  bestätigte,  was 
ich  an  einem  Gesteine  vom  Gebirgsrücken  zwischen  Tatsikawaundder  Besschi-Kupfergrube, 
Provinz  lyo  beobachtete.  Wir  hielten  das  Gestein  für  einen  Thulitschiefer— aber  ihre 
Bestimmung  wird  wohl  die  richtige  sein/' 
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(S  =  brownish-red  ;  S  =  light-violet.  The  Pleochroi^m  is  distinct, 
the  polarization-colours  magnificent. 

Being  of  a  beautiful  rosy-red  colour,  highly  pleochroic  and  acicu- 
lar  in  habit,  it  has  been  called  by  Dr.  E.  Naumann  a  tourmaline,  i) 

The  piedmontite  is  capable  of  undergoing  various  modifications. 
On  the  one  side  it  forms  a  transition  into  a  greenish-yellow  epidote,  the 
same  one  described  in  connection  with  the  normal  sericite-schist 
(ante  page  90)  but  Avith  this  ditference  that  here  the  red  pigment 
localizes  itself  in  the  centre  or  in  irregular  patches.  It  is  a  most 
peculiar  fact  that  the  purple  piedmontite  also  graduates  into  an  almost 
colourless  epidote.  This  abnormal,  colourless  epidote  is  found  in  long 
stalky  crystals  with  rather  fibrous  terminations  at  both  extremities, 
and  is  not  unlike  a  broad  column  of  Graiumatitc.  AVhat  the  chemical 
nature  of  this  epidote  is,  the  writer  cannot  at  present  say.  Anyhow 
he  is  not  disposed  to  consider  it  as  a  variety  of  zoicite. 

The  Jteiiiatite  is  represented  by  the  blood-red  hexagonal  plates 
of  iron-mica  whose  minute  scales  are  found  aliundantly  in  the  greenish- 
yellow,  and  also  in  the  colourless  epidote  ;  while  another  variety 
(iron-glance)  is  comparatively  rare  and  occurs  in  the  form  of  dull, 
opaque  clumps.  Thus  the  habitus  of  iron-glance  deviates  somewhat 
from  that  of  the  normal  sericite-schist.  The  presence  of  iron-mica 
gives  a  considerable  reddish  tinge  to  this  purple  schist.  In  pied- 
montite, iron-glance  is  never  found  as  interpositions. 

The  felspar  occurs  exclusively  as  grains  without  anv  sign  of  idio- 
morphic  forms,  and  commonly  larger  in  size  than  those  of  the  quartz. 
It  is  intimately  intergrown  with  the  latter  as  if  the  felsjiar  served  as  a 
cementing  medium,  thus  producing  the  plastered  structure.  The  inter- 
position of  quartz-grains  is  of  com.mon  occurrence — a  fact  illustrative 
of  the  simultaneous  crystallizati(m  of  both  minerals.      Simple  twins 

1)  Loc.  cit.    p.  10. 
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and  a  few  feeble  traces  of  cleavage  alone  serve  to  indicate  the  presence 
of  otherwise  unrecognizable  felspar  in  the  rock-mass.  The  precise 
nature  of  the  felspar  could  not  be  made  out,  simply  because  no  favour- 
ably orientated  sections  could  be  seen.  Anyhow,  the  habitus  of  the 
mineral  coincides  with  that  in  the  normal  sericite-schist  (cf.  page  88). 
As  in  the  latter  rock,  the  interposition  of  iron-glance  and  iron-mica 
characterizes  the  felspar  in  this  schist. 

Of  the  sericite  the  writer  has  nothing  to  say,  except  that  it  is, 
as  usual,  colourless  or  of  a  light  greenish  tinge,  and  has  a  line  fibrous 
scaly  structure.  Light  yellowish-green,  rhombic  dodecahedra  of 
garnet  are  tolerably  abundant. 

In  the  Island  of  Sikoku,  the  piedmontite-schist  is  accompanied 
by  a  blue  glaucophane-schist,  a  brief  description  of  which  has  been 
already  given  in  a  separate  paper. ^^  This  rock  seems  to  be  absent  or 
at  least  has  not  as  yet  been  found  in  the  collections  from  Chichibu. 

The  piedmontite-schist  is  characterized  by  its  peculiar  outward 
appearance,  of  which  enough  has  been  already  said,  and  this  serves  as  a 
good  criterion  in  tracing  out  the  lower  division  of  the  Sambagawan 
series. 


(c)   The   Middle  Division. 

Spotted  graphite-schist,  and  Spotted  chlorite-schist. 

The  horizon  of  the  |'iedmonti("e-schist  marks  the  beginning  of  the 
middle  division.  The  rocks  are  principally  of  two  types,  viz.,  (I)  the 
spotted  black  schist  and  (II)  the  spotted  green  schist,  whose  mani- 
fold alternations  make  up  a  considerable  thickness,  constituting  the 

1)  B.  Koto,  A  note  on  glaucophane.     This  Journal,  Vol.  T.  Part  T.  p.  8. 
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Sambagawan  series  proper.  Their  geographical  distribution  is  very 
wide,  consequently  they  are  the  commonest  rocks  which  may  be  noticed 
even  by  cursory  observers  during  a  fiying  visit  to  this  district. 

AVhat  the  present  writer  calls  the  spotted  black  schist  is — 

I.' — The  spotted  graphite-sericite-schist,  which  is  essentially  made 
up  of  felspar,  sericite,  graphite,  both  varieties  of  hematite,  quartz,  and 
?  chlorite  together  with  the  characteristic  accessories  of  tourmaline, 
garnet,  and  lastly  rutile.  Its  outward  appearance  is  not  unlike  that 
of  tlie  '  Garbenschiefer  '  of  Saxony.  'Jlie  weathered  rock  has  the 
aspect  of  a  coarse-lamellar,  brown  mica-schist  with  prominent  black 
spots  (fig.  o,  PI.  II.).  In  an  advanced  stage  of  decomposition  it 
becomes  even  talcose  in  appearance. 

These  spots  are  generally  of  an  inflated  disk-shaped  form  with 
T,  1,  P,  y  (fig.  6,  PL  II.),  the  faces  being  very  mucli  blurred 
by  the  compression  of  the  rock  itself.  The  inflated  side  of  this 
deformed  felspar  lies  parallel  to  the  plane  of  schistosity  of  the  rock  ; 
consequently  the  transversally  fractured  surface  of  the  rock  presents 
a  cleavage-face  (P  in  the  figure)  of  nodules  with  pearly  lustre. 

Under  the  microscope  these  spots  ov  nodules  (Vio-Vs  centim.) 
were  found  to  be  of  a  fehpathk  nature.  The  crystals  occur  in 
irregular  forms  ;  lustre  vitreous  ;  simple  twins  are  often  observed  by 
the  behaviour  of  diiferent  polarization-colours  in  the  two  halves,  but 
with  unequal  angles  on  the  right  and  left.  A  polysynthetic,  lamellar 
structure  happens  not  to  have  been  observed  (excepting  in  a  very  few 
cases,  if  it  is  really  present  at  all),  though  traces  of  cleavage-planes  are 
of  common  occurrence.  Extinction  of  light  usually  takes  place  at 
about  16°-21°  with  a  trace  of  twinning-lamella?.  On  the  rhombic 
face  of  the  basal  cleavage-plane,  it  makes  an  angle  of -30°,  or  there- 
abouts, in  the  sense  of  Schuster  {cf.  fig.  (J,  PL  II.) 

As  is  shown  in  fig.  7,  PL  II.  the  central  part  appears  almost 
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black,  owing  to  an  enormous  accumulation  of  graphite-particles, 
rhombobedra  of  garnet,  tourmaline-crystals,  actinolite-prisms  with  the 
combination  of  ooP,  coP  à,  and  other  colourless  grains  and  micro- 
crystals  of  an  undeterminable  nature,  together  with  opaque  iron-oxide. 

On  igniting  a  thin  slice,  graphite  (possibly  identical  with  the 
Grapliitoid  of  Snuer^^  ov  Inostranzetf's  sliuugite)-^  is  partly  removed 
from  the  felspar-substance,  although  a  dark  centre  remains  as  before. 
A  closer  inspection  with  higher  powers  discloses,  besides  amorphous 
coaly  dust,  some  minute  inclosures  of  air  and  liquid,  the  latter  with 
movable  bubbles.  These  inclosures  are  arrano-ed  more  or  less  in 
stripes,  and  appear  under  weak  powers  as  black  dots.  It  is  their 
presence  that  chiefly  causes  the  opacity  of  the  felspar  as  in  the 
minerals  of  the  h  any  ne  group. 

As  to  the  arrangement  of  the  black  dust,  the  fine  particles  are 
disposed  in  the  most  fantastic  manner,  thereby  producing  at  the  centre 
a  cyclonal,  at  the  margin  a  fluxional-structure,  as  shown  inßg.  7.  PL  II. 
Dr.  A.  Sauer^)  has  described  a  similar  arrangement  of  interposition  in 
a  felspar  contained  in  the  felsparphyllite  from  Plane,  Saxony  ;  but 
there  the  interposed  mineral  is  rutile  instead  of  coaly  dust.  This 
peculiar  structure  has  evidently  arisen  from  the  squeezing  accom- 
panying the  movements  of  the  crystals  during  their  formation.  Herr 
Dr.  Sauer  is  rather  disposed  to  think  that  the  structure  as  of  a 
primary  nature,  arguing  in  support  of  this  view  that  the  periphery 
of  the  felspar  is  perfectly  pure  and  free  from  inclosures  of  foreign 
substances,  and  moreover  that  the  suture  of  twinning-lamellœ  passes 
straightforward  throughout  the  whole  section  of  crystals  irrespective 

1)  Zeitschrift  d.  d.  geol.  Gesselschaft,  XXXVII  Band,  1885,  p.  441. 

2)  Neues  Jahrbuch  f.  Min.  u.  Geol.  etc.  1880.     I  Band,  p.  97. 

3)  N.  J.  f.  Min.  etc.  1881,  I  Band,  p.  2.32.  'Kutil  als  mikroskopischen  Gemengtheil  in 
der  Gneiss — und,  Glimmerschieferformation,  sowie  als  Thonschiefernädelchen  in  der 
Phyllitformation. 
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of  the  arrangement  of  the  interpo.sition.s.  The  writer  is,  however, 
inclined  to  view  the  .suhject  from  another  stand-point  ;  namely, 
that  the  clear  periphery  is  due  to  an  accretion  of  another  generati<jn 
resulting  from  the  secondarij  eiilaryiniient,  the  centre  being  the  primary  ; 
the  further  point  in  regard  to  the  cleavage,  being  perhaps  explicable 
as  a  result  brought  about  by  pressure  induced  afterwards.  C.  R. 
van  Hise^Mias  lately  found  in  the  slate-conglomerates  of  the  north 
sliore  of  Lake  Huron  what  may  be  enlarged  felspar  grains,  but  the 
evidence  there  is  not  sufficiently  satisfactory  as  to  the  material 
being  of  secondary  origin,  the  line  of  separation  between  the  supposed 
new  material  and  the  nuclei  being  indistinctly  marked.  The  present 
case  affords  better  evidence  of  secondary  enlargement,  owing  to 
the  circumstance  that  the  new  material  on  the  clear  periphery 
being  free  of  the  above-mentioned  interpositions  is  sharply  marked 
out  from  the  core. 

The  marginal  portion  of  the  fels[)ar  nodides  is  fringed  with,  or 
enclosed  by  a  green  sericite,-^  whidi  is  sometimes  coloured  brown 
by  the  oxidation  of  iron  contained  in  it  :  more  especially  after 
ignition  a  slice  of  it  acquires  a  deep  Ijrownish-red  colour,  becoming 
not  unlike  a  common  biotite,  from  which  we  may  infer  that  our 
green  sericite  is  rich  in  ferrous  oxide.  This  kind  of  mica  seems 
to  be  of  a  wide  distribution  in  (metamorphic)  schists  outside  the 
Japanese  Archipelago  ;  for  the  writer  has  observed  the  same  in  a  mica- 
schist  from  Killin,  Perthshire,  Scotland,  and  in  all  the  ^  Amphilogit- 
Schiefer^  from  the  Zillerthal  in  Tyrol.  In  petrographical  literature 
it  has  been  described  under  various  and  even  self-contradictory  names, 


1)  Bulletin  TJ.  S.  Geological  Survey,  Vol.  IT,  p.  44. 

2)  The  present  serioite  miyjht  probably  be  a  modifiecl  form  of  Phengite  of  Tschermak, 
for  it  oontaias  a  large  amount  of  Si  Oj,  but  less  of  Ah  Os,  as  may  be  seen  from  the  numbers 
stated  in  page  90. 
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such  118   green   mica,    hydro-mica,    sericite,   green  biotite,  chloritoid, 
phyllitic  element,  etc. 

The  tour  mal  i  ne  forms  a  very  characteristic  C(3mi)onent  ç,i  the 
spotted  black  schist,  especially  as  regards  its  quantity  and  the  per- 
fection of  its  forms.  The  crystals  are  slender,  being  bounded  by 
deutero})rism  (x  Pa)  and  protoprism  (oo  K),  and  terminate  in  an 
acute  rhomboliedr(3n  (  — 2R)  at  one  end,  and  an  obtuse  at  the  other 
(+R);  the  basal  pinacoid  not  yet  observed;  but  one  pole  often 
broken  ;  transversal  fissures  rai'e  ;  cijal)'  particles  often  foiujd  as 
interpositions.  The  acute  pole  rhondjohedron  (  — :2[J)  is,  as  a  rule, 
nnsymmetrically  developed,  while  the  opposite  obtuse  end  is  bounded 
by  a  rhombohedral  face  (  +  K)  well  finished  and  very  regular.  And  it 
is  a  very  remarkable  fact  that  the  aiitihxjous  (  +  )  acute  pole  bounded 
by  — 2R  is  aUva[is  dequtj  coloured;  while  the  analogous  (— )  obtuse 
pole  (+R)  i«  of  a  lighter  shade  (fig.  8,  Fl.  II).  This  difference  in  the 
tino-e  of  colour  should  in  some  way  be  connected  vvitli  its  pyroelec- 
tric  properties,  which,  as  Hauy  long  ago  pointed  out,  have  some 
close  connection  with  the  very  characteristic  hemimorphism  of  the 
tourmaline- crystal . 

The  vicinal  section  (fig.  0,  b,  VI.  U.)  of  the  base  of  our  tourmahne 
presents  some  notew(jrthy  features  which  may  here  be  briefly  noticed. 
Some  basal  sections  show  a  nucleus  which  is  marked  off  clearly  by  a 
tine  contour,  and  also  by  the  lighter  colour  of  the  centre,  while  others 
(  fig.  9,  a,  PL  II.)  show  an  imperfect  external  shell  with  half-covered 
internal  parts.  Examples  of  the  former  are  often/  fcund  in  various 
plagioclases  known  as  isomorphic  shells  (isomorphische  Schichtung); 
while  in  the  latter  Ave  have  an  example  of  a  parallel  growth  of  indi- 
viduals of  the  same  mineral  species,  the  well-known  vertical  stri[)es  of 
tourmaline-columns  being  due  greatly  to  this  special  growth.  Bearing 
in  mind  the  facts  stated  above,  we  are  now  forced  to  believe  that  the 


ON  THE  SO-CALLED  CTvYSTALLTNE  SCHISTS  OF  CHICHIBU.  101 

so-called  isomorphic  shell  and  the  parallel  growth  do  not  difter 
from  each  oilier  but  really  mean  the  same  thing. 

As  to  quantity,  tom'maline  is  so  abundant  that  it  may  be 
regarded  as  an  essential  component. 

The  quartz,  sericite,  garnet,  the  light-green  epidote  crystals  nnd 
grains,  and  lastly,  the  calcite  present  no  peculiarities  worthy  of  special 
description. 

The  structural  modification  of  the  rock  varies  within  a  wide  range 
from  a  coarse-lamellar  rock  to  a  thin-tabular  graphite- slate  ;  in  the  latter 
the  nodules  are  scarcely  visible,  unless  weathered  surfaces  are  viewed. 
In  the  coarse  extreme,  the  nodules  attain  more  than  Y2  centim.  in  size 
(fig.  0,  PL  II.)  and  at  the  same  time  the  rock  becomes  less  graphitic, 
while  the  sericite  increases  proportionally  in  (juantity,  and  then  the 
colour  chano-es  from  black  to  brown.  When  seen  with  reflected  lio-ht, 
the  sericite-lamellae  display  a  nacreous  lustre. 

In  a  fine  slaty  variety  a  .transverse  fi-acture  of  the  rock  has  a 
banded  appearance  through  the  alternation  of  quartz-felspar  layers 
with  those  of  the  coaly  particles.  The  coarser  variety  is  typically 
developed  near  Oda,  while  the  slaty  one  occurs  at  the  village 
of  Honnogami. 

II. —  The  chloritc-amphiholite  or  spotted  green  schist  is  a  thick, 
imperfectly  schistose  rock  of  a  grass-green  coloiu*  with  an  uneven 
plane  of  schistosity.  It  is  full  of  innumerable  wdiite  spots  (7^-2  mm.) 
on  a  green  ground,  presenting  an  aspect  quite  similar  to  currants  in 
a  pudding  (fig.  10.  PI.  77.)  F.  Beckc  seenjx  to  have  found  a  similnr 
structure  in  a  mica-schist  and  gneiss  rich  in  felspar-nodules  from 
Selitschani  in  Greece,  and  has  given  to  it  tlie  name  crisfhie  structure  O 
from    the  likeness   to   cereal   grains._^Our   rock   has   such  a  striking 

1)  Tschermak,  Min.  u.  petro.  Mitth,  II  Band,  1880,  p.  43. 
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resemblance  to  that  of  the  so-called  '  Grilnscliiefer  System  '  of 
Saxony,  that  when  hand-specimens  from  both  countries  are  placed  side 
by  side,  it  is  hardly  possible  to  distinguish  them,  nor  are  there  any 
special  distinguishing  features  even  under  tlie  microsco})e. 

Slides  show  that,  under  high  power«,  each  spot  is  nothing  but 
an  individual  grain  of  felspar,  or  composed  sometimes  of  many 
grains.  These  felspar-dots  are  all,  without  exception,  of  an  irregular 
outline,  and  present  a  characteristic  cataclastic  structure.  They 
are  colourless,  showing  quite  a  fresh  aspect — only  a  few  stripes; 
twins  referable  to  the  Carlsbad  type  occasionally  found —  polysynthetir 
twins  exceedingly  rare. 

(1)  The  writer  is  of  opinion  that  this  rock  is  a  transformed  schist 
from  a  tup'  oï  a  felspar-pyroxene  rock  of  an  eruptive  origin  ;  and  (2)  it 
is  an  accepted  dogma  that,  when  minerals  are  subjected  to  a  certain 
pressure,  they  usually  exhibit  many  traces  of  cleavage  (although  all 
minerals  have  not  as  yet  been  experimentally  tested);  and  lastly  (3)  a 
mechanical  force  can  put  in  motion  the  molecules  of  minerals  so  as  to 
make  the  particles  assume  a.  new  position,  the  result  of  which  is  the 
formation  of  twdns,  gliding  faces,  etc. —  it  is,  indeed,  very  striking  to 
find  only  a  few  such  traces  of  cleavage  in  ou.r  felspar,  although  the 
rock  bears  signs  of  having  been  subjected  to  pressure  in  the  mass- 
movement. 

A  probable  explanation  of  these  facts  may  be  that  the  felspars 
have  once  been  in  a  condition,  in  which  a  long-sustained  pressure 
and  moderate  heat,  wdth  the  simultaneous  presence  of  mineral  solutions, 
have  made  the  molecules  in  the  felspars  to  move  easily  bnt  <^nly  to  a 
certain  extent.  The  same  reasoning  may  well  be  applied  with  equal 
force  to  the  formation  of  schists,  which  have  an  appearance  as  if  they 
were  farmed  by  the  solidification  of  an  originally  gelatinous  mass  in 
the  diagenetic  way  (vide  page  85.) 
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These  felspar-spots  seem  to  have  been  arranged  parallel  in  accord- 
ance with  the  stratification  ;  and  the  spots  themselves  have  fine, 
curved,  approximately  parallel  fissures  in  the  direction  of  the 
breadth,  prt^bably  due  to  a  strain  normal  to  the  axis  of  mountain- 
flexures,  and  these  minute  fissures  have  been  sometimes  filled  up  by 
calcium  carbonate.  The  felspars  already  referred  to  are  mainly  non- 
striped,  and  occasioniilly  a  few  lines  parallel  to  the  basal  cleavage  are 
to  be  seen  ;  still  it  is  not  easy  to  prove  optically  the  nature  of  the 
felspar.  The  extinction-direction  with  reference  to  the  trace  of 
cleavage  is  about  12°-19°,  and  it  may  prol)ably  belong  to  albite.^) 
In  saying  so,  the  presence  of  orthoclase  is  by  no  means  excluded. 

The  felspars  contain  also  grains  of  the  same  mineral  species 
whose  presence  is  proved  by  different  optical  orientations.  There 
seems,  however,  to  be  no  crystallonomic  relation  between  those  grains 
within,  and  the  enclosing  mineral;  the  latter  serves,  as  it  were,  as  a 
cementing  material  ;  the  former  may  be  considered  as  a  product  of 
dynamo-metamorphism. 

The  spots  of  felspar  are  rich  in  other  interpositions  of  light- 
yellow  epidote-crystals  and  crystalloids,  with  a  few  actinolite-needles, 
and  tourmaline-prisms,  arranged  in  a  most  confused  manner  especially 
in  the  central  part,  as  viewed  in  a  slide  made  parallel  to  the  plane  of 
schistosity  of  the  rock.  Spots  in  the  transverse  section  of  the  rock 
have  a  special  arrangement  of  their  interpositions,  minute  needles  and 
crystalloids  being  disposed  more  or  less  after  the  fashion  of  streams. 
These  diminutive  bodies  are  not  decomposition-products  in  the  ordinary 
sense  of  the  term  ;  still  they  might  have  derived  their  materials  in  part 
from   the   felspar-substance   during   a  dynamo-metamorphic  process. 

1)  If  I  riglitly  remember,  Herr  Dr.  Dalmer  made  a  chemical  analysis  of  a  pure 
felspar  from  the  chlorite-amphibolite  of  Saxony,  which,  as  has  already  been  pointed  out,  has 
a,  close  resemblance  to  our  rock,  and  he  found  it  to  be  albite. 
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the  smaller  the  felspar-grains  are,  the  more  interpositions  they 
contain,  becoming  finally  extremely  dull  so  that  the  felspar- portion 
is  no  longer  visible,  thereby  presenting  an  aspect  quite  similar  to  that 
of  a  zoicitized  felspar  of  the  so-called  sanssurite-gabbro. 

A  minuter  inspection  under  high  powers  resolves  the  cjuasi- 
zoicite  into  a  monoclinic  epidote.  It  is  found  as  microliths  and 
round  crystalloids.  Of  the  various  forms,  some  have  a  rhombic  out- 
line, or  are  needle-shaped  ;  while  others  are  developed  in  unsymmetrical 
wings  with  a  twinning-suture  at  the  middle  as  is  seen  mßg.  11.  PI.  II., 
The  optical  investigation  of  them  is  made  impossible  by  the  inter- 
ference of  the  other  grains  and  the  enclosing  felspars.  There  are  seen 
frequently  actinolite-prisms  whose  basal  sections  often  met  with  in 
slides  are  of  an  acute  rhombic  outline  without  any  trace  of  the 
clinopinacoid  as  is  usually  supposed  to  be  the  case  ;  consequently  the 
prism  shows  dark  longitudinal  margins  on  account  of  its  high  refracting 
power — and  the  terminations  are  round  and  often  broken.  Rhombic 
dodecahedra  of  garnet  together  with  pleochroic,  yellowish-green 
pistacite  columns  Q/o-^/i  centim.)  lie  also  imbedded  in  the  felspars. 

The  general  mass  of  the  rock  consists  of  a  grass-green,  lamellar- 
fibrous  substance  which  encircles  the  porphyritic  felspar-grains. 
This  green  substance  is  slightly  pleochroic  showing  a  deeper  shade  of 
colour  when  the  chief  section  of  nicol  is  at  right  angles  to  the  axis 
of  the  fibres,  and  remaining  dark  between  crossed  niçois.  It  transmits 
only  a  foint  l)liie  light.  In  a  hot  solution  of  hydrochloric  acid,  the 
greater  part  of  this  green  substance  is  removed  from  the  slides,  and 
tlie  remaining  pc^rtion  becomes  almost  colourless — it  is  chlorite. 

The  minerals  found  as  interjiositions  in  the  felspar-nodules  occur 
here  again  in  the  fjronmlma^s.,  and  the  green  scaly-lamellar  mass 
is  interlarded  throughout  by  epidote-needles  and  grains,  and  especially 
actinolite-prisms  which  are  like  spicules  in  the  spongy  mass. 
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Calotte  with  its  ch'iracteristic  rhoiiibohedral  cleavage  filJs  up  the 
miarolitic  spaces.  It  is,  however,  not  a  constant  component.  Iron- 
pyrites  and  iron-glance  are  tolerably  ])lcntifn],  the  latter  with  margins 
of  blood-red  iron-mica.  Quartz  and  rutile,  so  abundantly  present  in 
the  Lower  Sambagawan  series,  are  only  of  a  subordinate  importance. 

We  occasionally  met  with  tilanite  as  an  enclosure  in  felspar  in 
combination  with  the  clinodome  (n^xPco).  and  prism  (  /  ^=Px  ) 
as  in  fuj.  12.  a  VI.  11  ;  consequently  its  section  in  a  slide  mostly 
presents  a  rhombic  outline  with  a  deeper  shade  on  the  two  adjoining 
sides  (^fig.  12.  h)  which  make  with  each  (jther  an  obtuse  angle  of 
13J:°-137^.  This  difference  in  shade  arises  necessarily  from  the  very 
form  of  the  crystal  itself,  and  is  due  to  the  inclination  of  the  clinodome 
or  prism.  Thus  the  habitus  of  the  microscopic  crystal  differs  from 
the  macroscopic  type,  as  has  already  been  pointed  out  by  y.  Foullon.i^' 

The  structural  modification  of  the  rock  is  still  more  astonishing, 
ranging  from  a  coarse-lamellar  rock  to  an  almost  compact  schist. 
A  newly  fractured  surface  of  the  former  variety  shows  felspar-spots 
of  a  tolerably  large  size  (more  than  '1  mm.)  with  a  glittering  ])lane  of 
cleavage.  In  the  compact  variety,  it  differs  in  no  wise  from  a  common 
chlorite-schist.  The  weathered  surface,  however,  distinctlv  tells  the 
presence  of  countless  white  spots  of  felspar-grains. 

The  compact  variety  is  somewhat  more  yellowish-green  in 
colour  on  account  of  the  presence  of  a  considerable  quantity  of  epidote 
as  in  the  rock  of  Oda,  1  7«  ri  (6  km.)  westward  from  the  small  town  of 
Kodama.  There  also  numerous  clusters  of  black  tourmaline-cvys>Xu\îi, 
attaining  the  size  of  1  centim.  in  length,  are  found  along  the  plane  of 
stratification  of  the  rock.  Slides  show  that  the  mineral  has  a  grayish- 
brown  colour  wdtli  a  slight  tinge  of  violet  ;  zonal  structure  is  more 

1)  Heinrich  Baron  v.  Foullon  ;  Ueber  die  petrographischc  Bcscliaffeuheit  der  Krystalli- 
nischen  Schieferj  etc.  Jahrbuch  d.  geol.  Reichsanstalt,  1883,  p.  241. 
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imperfectly  developed  than  in  the  crystals  of  eruptive  rocks.  The 
mineral  shows  the  dichroism  ;  cj  =  black,  e  =  violet-brown.  The 
crystals  are  by  no  means  pure;  sagenitic  needles, knee-shaped  and  heart- 
shaped  twins  of  rutile  together  with  crystals  of  zircon  occur  imbedded 
in  them.  The  tourmaline  itself  is  an  unexpected  guest  in  this  chlorite- 
amphibolite,  and  it  is  even  more  striking  to  find  that  rutile  and  zircon 
which  usually  belong  to  the  early  generation  in  the  order  of  crystal- 
lization, occur  exclusively  confined  in  this  tourmaline  of  an  apparently 
secondary  origin.  The  tourmaline  characterizes  the  rocks  of  the 
Middle  Sambagawan  and  its  true  home  is,  as  has  been  already  men- 
tioned, the  graphite-sericite  schist  ;  but  it  is  absent  in  the  Upper  as 
well  as  in  the  Lower  series. 

The  compact  variety  of  the  chlorite- am phibolite  is  also  exten- 
sively developed  in  the  Dözan-gawa  near  the  Besshi  mine  in  lyo, 
Island  of  Sikoku. 

(d)   The  Upper  Division. 

Epidote-sericite-gneiss. 

The  Upper  Sambagawan  is  not  so  extensively  distributed  as  the 
two  preceeding  étages,  and  so  far  as  the  writer  is  aware  at  present, 
it  is  mainly  confined  to  the  southern  side  of  the  Arakawa  river. 

The  rocks  belonging  to  this  division  overlie  directly  and  con- 
formably the  hlacJc  and  green  schists  of  the  middle  division,  some- 
times alternating  with  the  non-spotted  graphite-schist  in  its  lower 
horizon.  The  characteristic  feature  of  the  epidote-sericite-gneisses 
with  their  various  modifications  which  constitute  the  Upper  Samba- 
gawan, is  a  more  or  less  platy  structure  with  an  uneven  surface  on  a 
cleaved  specimen.  There  seems  to  exist  some  regularity  in  their 
structural  modifications  ;  for  the  lower  horizon  consists  of  a  thick- 
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platy,  more  or  Ics.s  graphitic  variety,   while   as   we   advance    to   the 
higher  zone,  the  rock  pa^ises  into  a  very  thin,  stiff,  papery  .schist. 

Beginning  now  with  the  lower  étage,  the  thick-phity,  grayish- 
white  variety  easily  c]eaves  off  into  slabs  of  more  than  y,  centim.  in 
thickness.  The  u]iper  and  lower  surfaces  of  the  slabs  are  covered  by  a 
thin  skin  of  grayish-green,  soft,  talcose  lamellae  which,  when  viewed 
by  reflected  light,  shine  with  a  glittering  lustre.  It  is  the  presence 
of  this  layer  Avhich  allows  of  the  rock  being  so  easily  taken  off'. 

A  newly  fractured  surface  presents  layers  of  a  snowy-white, 
saccharoidal  mass,  consisting  of  a  fine  admixture  of  quartz  and 
felspar-grains,  the  presence  of  the  latter  being  shown  by  their  pearly 
lustre.  The  relative  quantity  of  both  minerals  could  not  be  easily 
ascertained  on  account  of  the  approximate  similarity  of  their  optical 
behaviours.  Tlie  felspar  shows  sometimes  signs  of  cleavage  ;  and  it 
as  well  as  the  quartz  displays  an  undulatory  extinction  which  in 
no  wise  ever  comes  to  total  darkness.  On  the  whole,  the  felspar 
seems  to  be  the  predominating  constituent,  and  usually  more  por- 
phyritic  in  its  habitus  than  the  quartz-grains. 

Thin  talcose,  wrinkled  lamellae  were  treated  with  a  few  dro['S  of 
HFl,  and  then  evaporated  to  a  concentrated  solution,  out  of  which, 
on  cooling,  many  crystals  of  potassium-silico-fluoride  with  the  forms 
belonging  to  the  isometric  system,  aggregated  themselves  into  perfect, 
delicate  shapes.  The  angle  of  the  optical  axis  is  as  wide  as  in 
muscovite.  This  sericite  Js  either  colourless,  or  light-green,  and  has 
fibrillated  texture,  but  is  irregularly  outlined  ;  smooth  lamellae  are  not 
rare,  in  which  case  it  is  sometimes  almost  impossible  to  discriminate 
the  green  sericite  from  the  co-existent  chlorite. 

The  sericite- aggregate  is  never  found  in  a  pure  state.  In 
the  slides,  sericite  itself  is  not  abundantly  present,  being  sliced  off' 
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durino'  the  preparation  of  the  sections,  and  the  same  holds  true  of  the 
various  enclosures  in  the  sericite.  It  is  better  therefore  to  take  off  by 
means  of  a  knife  a  thin  flake  of  this  mineral  which,  when  seen  under 
the  microscope,  shows  various  interpositions,  especially  colourless 
tremolite  in  slender  prisms,  resolving  at  both  ends  into  tufts  of  fibres. 
The  extinction-direction  of  tremolite  is  insignihcant,  usually  less  than 
10°;  the  pleochroism  not  j>erceptible.  Minute  grains  and  needles  of 
an  almost  colourless  epidote  occur  associated  Avith  the  tremolite, 
within  the  sericite-aggregate,  nuich  as  in  the  manner  of  spicules  in 
sponges. 

A  special  feature  of  the  minute  epidote  is  its  acute  rhombic 
form  with  sinuating  lines  along  the  longer  diagonal  ;  and  to  a  cursory 
view  it  looks  not  unlike  small  crystals  of  titanite  (pg.  11.  h,  PL  11), 
It  is  the  common  type  of  twinned  epidote  whose  structure  becomes 
manifest  by  different  optical  orientations  in  the  two  halves  under  polar- 
ized light.      The  crystals  display  vivid  chromatic  polarization-colours. 

Rhombic  dodecahedra  of  garnet  occur  together  with  the  epidote. 
but  not  with  the  rutile.  The  enormous  accumulation  of  the  above- 
mentioned  microcrystals  causes  a  dull  appearance  in  the  otherwise 
clear  sericite-aggregate. 

In  some  specimens,  as  in  that  from  the  Kainita-pass  in  Chichibu, 
a  few  long  stalky  crystals  (1-2  centim)  were  detected  whose  longi- 
tudinal terminations  split  into  stiff  fibres.  They  are  now^  rusty- 
brown,  although  bluish-green  wdiere  fresh,  and  their  morpholo- 
gical character  resembles  that  of  the  primary  glaucophane  from 
Ötaki-san  in  Awa.^^  Taking  into  account  the  above-mentioned  facts, 
the  writer  is  rather  inclined  to  consider  the  tremolite  already  de- 
scribed, as  having  been  derived  either  directly  or  indirectly  from 
the  other  minerals  such  as  glaucophane. 

1)  loc.  cit. 
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Somewhat  large,  pleochroic  pistacite-grains  are  found  in  isolated 
patches,  but  they  deserve  no  special  mention.  Some  specimens  are 
rich  in  calcite  ;  its  occurrence  is,  however,  not  constant. 

As  we  have  already  pointed  out,  the  more  we  ascend  to  the  hio-her 
horizon,  the  more  papery  the  rock  becomes,  and  finally  this  cpidote- 
sericite-gneiss  acquires  such  a  structure  as  to  be  easily  cleaved  into 
thin  laminated  slabs.  The  microscopic  habitus  differs  in  no  way  from 
that  of  the  foregoing  variety. 

A  very  characteristic  feature  of  the  rocks  of  the  Upper  Samba- 
gawan  is  their  papery  structure,  and  also  their  richness  in  sericite- 
scales.  Thus  the  weathered  exposures  of  the  rock  in  any  road-cuttino* 
present  a  more  or  less  advanced  stage  of  disintegration,  and  finally 
become  resolved  into  tough,  slippery,  silver-white  splinters — a  peculiar 
aspect  of  road  which,  if  once  seen,  cannot  be  easily  forgotten. 
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B.    Architectonics  of  the  Sambagawan  Series 
of  the  Chichibu  district. 


(e)   General  Remarks. 

The  writer  has; been  so  far  wholly  engaged  in  describing  at  some 
leno'th  the  objective  representation  of  all  the  rock-varieties  which 
constitute  what  is  called  the  Sambagawan  series  ;  he  now  turns 
to  another  topic — the  geotectonic  condition  of  these  schists. 

The  Sambagawan  complex  forms  the  very  lowest  of  the  long 
geologic  series,  that  makes  its  appearance  in  the  Chichibu  district,  so 
far  as  the  present  state  of  our  knowledge  permits  us  to  say. 
From  the  analogy  of  other  occurrences,  especially  in  the  Island  of 
Sikoku,  where  thanks  to  the  munificence  of  our  Geological  Survey, 
the  writer  was  placed  in  a  position,  last  year,  to  be  able  to  geologize 
the  countries  traveled  through,  and  of  which  he  hopes  to  give  some 
account  on  another  occasion  as  a  continuation  of  the  present  study, 
it  is  highly  probable  (but  by  no  means  proved)  that  this  series  is 
superposed  upon  a  complex  of  biotite- mica-schist  and  biotite-gneiss 
with  great  unconformabilities,  which  indicate  a  long  lapse  of  time 
between  the  formation  of  the  two  series. ^^ 


1)  The  above  supposition  has  been,  to  a  certain  extent,  confii-med  during  a  trip  this  winter 
(1887-8)  to  the  provinces  of  Mikawa  and  Tötömi,  where  coarse-lameller  hiotite -schist, 
gray,  streaked  gneiss  and  then  dark-gray,  fine-lamellar  viica-scliist  with  the  intercalated 
quartz-schist,  in  all  of  a  considerable  thickness,  are  developed  to  their  full  advantage.  These 
typical  Archaean  rocks,  which  the  writer  saw  for  the  first  time  in  this  country,  form  a  long 
belt,  beginning  from  the  interior  of  Sinano,  along  the  upper  course  of  the  Tenriû  river, 
through  the  province  of  Mikawa,  terminating  at  the  Bay  of  Atsumi. 

The  general  direction  of  this  long,  curved  belt,  with  the  convex  side  toward  the  south-east, 
is  N.E. — S.W.  ;  and  this  belt  represents  the  western  wing  of  the  Japan—"  Schaarung  "  of  Suess 
(Naumann»  Die  Erscheinungen  des  Erdmagnetismus,  etc.,  p.  17.).     Parallel  to  the  curvature 
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Granitic  eruptions  must  have  taken  place  through  the  Archtean 
group  before  the  Sambagawan  was  formed  ;  for,  along  the  c<jast  to  the 
north  of  the  city  of  Imaharu,  and  especially  in  tlie  upper  course  of 
the  Nobusigegawa,  east  of  the  city  of  j\Iatsuyama,  both  in  Sikoku, 
the  granitic  bosses  have  severally  intruded  on  tliu  mica-schist  and 
gneiss-strata;  and  have,  in  consequence  thereof,  produced  a  well- 
marked  contact  metamorphism  in  the  latter;  the  deep-brown  pyrope 
having  been  formed  thereby  in  the  hornfeh  of  the  biotite-gneiss. 

Endomorphic  metamorphism  on  the  part  of  the  intruding  rock 
is  also  clearly  indicated  by  the  formation  of  fine-grained,  aplitic 
granophyre-facies  of  granitite,  this  being  indeed  the  typical  biotite- 
hornblende  variety,  of  which  alone  are  formed  almost  all  the  granitic 

of  this  Arcbœan  belt,  an  extremely  coarse-grained  hornblende-granite  makes  its  appearance 
on  the  south,  convex  side,  where  the  granite  occupies  the  greater  part  of  what  is  called  the 
Tsukude  district.  This  rock  shows  many  characters  deviating  from  the  common  variety  ; 
first  of  all  it  is  remarkable  in  containing  a  large,  grayish-white  plagioclase  and  the  cross- 
shaped  twins  of  hornblende  together  with  biotite  and  quartz  ;  the  haljitus  of  the  granite  is 
dioritic.  In  some  places,  as  for  instance,  at  the  ascent  batween  Hosokawa  and  Suyama,  this 
Tsukude-granite  becomes  gneissoid  in  its  aspect,  due  surely  to:shearing  during  the  mass- 
movements. 

Further  to  the  south-east,  this  eruptive  mass  is  overlaid  by  the  Sambagawan  series,  the 
latter  is  therefore,  no  doubt,  separated  from  the  Archaean  by  a  wide,  geologic  gap,  and  along 
the  geologic  boundary  between  the  granite  and  the  Sambagawan  terranes,  the  Toyokawa 
finds  its  course.  The  Sambagawan  series  of  this  region  appears  younger  in  its  whole 
aspect,  when  compared  with  the  Chichibu  type. 

still  further  to  the  south-east,  this  series  is  overlaid  ))y  the  galjbro-derivatives — tuff- 
amphiholitc  and  tuff-pijroxenite  with  intrusive  masses  of  (jnhhrog  and  gerpentines,  i.  e.  the  Mikabu 
series  of  the  present  writer.  Again,  the  tuff  series  is  covered  conformably  by  the  ?  pre- 
Carboniferous  complexes  of  quurtzitc,  crystalline  limestone,  rusty-brown  schalstein,  grayicacke, 
adinole,  silicious  slate  and,  lastly,  a  li)nestone  presumably  the  Upper  Carboniferous — these 
together  making  up  the  boundary-ridge  of  Mikawa  and  Tùtômi. 

It  is  here  out  of  place  to  give  minute  details  ;  only  suffice  it  to  saj'  that  the  writer's  view  is 
so  far  corroborated,  that  the  so-called  crystalline  schists  of  Chichibu — the  Sambagawan 
series — are  not  the  oldest  geologic  body  in  Japan,  and  they  are  also  not  the  normal  schists  of 
the  accepted  Archaean  group.  Therefore  it  Avould  be  a  great  mistake  to  make  anyc  onjecture 
as  to  the  general  construction  of  the  Japanese  Islands  from  the  structui-al  and  the  chorie 
condition  of  the  so-called  Archaean  group  as  understood  at  present  by  our  geologists,  since  all 
the  non-fossiliferous  rocks  of  quite  unlike  origin,  but  having  simply  a  crystalline,  schistose 
habitus  are  indiscriuiinately  thi'own  together  under  the  category  of  crystalline  schists  in  a 
narrow  sense,  and  taken  as  the  genuine  Archaean.     (Xotc  diirimj  the  printing j. 
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mountains  of  Japan.  According  to  the  statements  of  E.  Naumann,^) 
the  chief  granitic  eruption  occurred  at  the  end  of  the  Palaeozoic, 
or  at  the  beginning  of  the  Mesozoic  era  in  the  Japanese  Islands  ;  it 
seems,  however,  not  unreasonable  to  suppose  that  the  granites  in 
our  country  are  not  the  product  of  a  single  eruption. 

The  Sambagawan  series  has  been,  perhaps,  formed  after  the 
first  eruption  of  granite.  And  the  post-granitic  schists  included  in 
the  above-mentioned  series  are  of  a  considerable  thickness  probably 
not  less  than  300  m.  ;  and  these  schists  in  turn  have  been  overlaid 
discordantly  by  an  equally  thick  complex  of  the  epidote-pyroxenite, 
pyroxene-amphibolite,  and  epidote-amphibolite  which  the  ^Yriter  is 
rather  inclined  to  consider  as  various  modifications  of  the  tuff's  formed  in 
some  way  in  connection  with  the  eruptions  of  gabbro,  cliorite  and 
diabase. 

The  rocks  of  eruptive  origin  just  referred  to  can  be  seen  typically 
developed  around  the  conical-shaped  Mikabu  peaks,  and  accordingly  the 
writer  designates  provisionally  the  whole  complex  of  gabbro,  diabase, 
the  gabbro-diorite,  and  their  derivatives  under  the  name  of  the  Mihibu 
series.  The  pyroxenites^)  and  amphibolites  of  the  above  series,  usually 
spoken  of  simply  :  s  chlorite-schists  by  our  geologists,  claim  our  special 
attention,  as  they  contain  an  interesting  mineral — the  secondary 
glaucophane  of  which  discriptions  have  been  lately  given  by  the  author 

1)  Loc.  cit.  p.  40. 

2)  These  pyroxenites  and  amphibolites  with  their  nuuiberlcss  varieties  play  a  not  insig- 
nificant part  in  the  geologic  terrane  in  Japan,  and  they  have  justly  full  claim  to  special 
treatment  and  independent  cartographic  representation.  To  the  writer,  the  above-named 
rocks  seem  to  b3  the  altered  crystal-tuff  (in  contradistinction  to  the  agglomerate-tuff), 
originallycomposedsolely  of  (excepting  some  few  cases)  one  mineral— the  pyroxene  which  had 
been  thrown  up  from  eruptive  vents,  just  as  in  the  case  of  ejectamenta  of  modern  volcanoes, 
and  then  deposited  at  the  bottom  of  the  once  Uinrcrsul  ocean  of  the  past,  when  dry  land  was 
comparatively  rare.  In  order  to  avoid  a  confusion  of  the  nomenclature,  designating  rocks  of 
quite  unlike  origin,  or  conveying  different  meanings  about  the  genesis  of  this  class  of  green, 
schistose  r.~cks,  to  which  are  attached  diverse  views  sometimes  diametrically  opposite,  the 
writer  thinks  it  advantageous  to  apply  the  names  of  clunto-jiijro.roiitc  and  rldstd-iniipliibolite 
respectively  to  our  rocks,  thereby  signifying  their  tufaceous  origin,  just  as  Lossen  had  done 
long  ago  for  the  kindred  variety  of  quartzporphyries.  Zeitschrift  d.  deutschen  Geol. 
Gessel.  XXI.  1869. 
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in  another  place.^)    To  give  the  detailed  geognostic  accounts  of  these 
is,  however,  foreign  to  the  scope  of  the  present  paper.^) 

(f)   The    Lower   Sambagawan. 

The  Lower  Sambagawnn  series  crops  out  only  in  few  localities 
along  the  banks  of  rivers  and  rivulets  ;  the  greater  part  of  it  is  covered 
by  the  Middle  division,  and  consequently  hidden  from  our  view. 

It  is,  however,  not  ver^^  difficult  to  ascertain  its  occurrence 
through  having  among  its  members  a  characteristic  purple-red  pied- 
montite-schist  which  affords  us  the  surest  criterion  as  to  the  boun- 
dary of  the  Lower  and  Middle  Sambagawan. 

1. — A  good  exposure,  not  to  mention  minor  occurrences,  may 
be  seen  along  the  winding  course  of  the  Tsuki-gawa  on  a  small, 
isolated  island  of  schists  amidst  the  younger  geologic  formations,  to 
the  east  of  the  village  of  Ogawa,  especially  in  Töyama,  Simo-sato, 
and  Kamakata,  all  in  the  district  of  Hiki,  Miisasi  province.  Here 
the  strata  lie  almost  horizontal  with  slight  dips  to  the  north  and  east. 
It  is,  indeed,  very  striking  to  behold  the  contrast  in  colour  between 
the  overlying  chlorite-amphibolite  rich  in  felspar-" eyes"  and  the 
purple-red  piedmontite-schist.  The  rosy  mangan-epidote,  so  rare 
in  Europe  and  America,  and  much  sought  after  by  mineralogists, 
occurs  in  rich  clusters  within  quartz-nodules,  sometimes  attaining 
2  centim.  or  more  in  length.  Lower  down  we  see  in  thick  banks  the 
whitish-gray  normal  sericite-schist  which  through  weathering  acquires 
a  somewhat  green  colour,  while  a  greenish-yellow  pistacite  becomes 

1)  This  journal,  Vol.  I,  part  I  ;  "A  Note  on  Glaucophane." 

2)  Prof.  Geo.  H.  Williams,  of  the  Johns  Hopkins  University,  Baltimore,  Mtl.,  has  lately 
sent  me  a  chip  of  a  g-laucophane-schist  from  the  State  of  California.  Of  the  Glaucophane  of 
that  State,  we  have  as  yet  only  a  few  records  in  petrogra.phioal  literature.  Miehcl-Livy 
seems  to  have  been  the  first  t-o  <?ive  a  short  descripHon  of  it  ("4th  Annual  Report  of  the 
State  mineralogist  of  California."  p.  182,  ISS-i, — a  work  which  is  not  accessible  to  the  writer.). 
F.  Becker  has  mentioned  its  wide  distribution  in  the  Cretaceous  metamorphics  of  that  State. 
(See  American  Journal  of  Science,  p.  352,  1S8C). 

On  examining  a  slide  prepared  from  a  specimen  from  Berkley,  California,  the  writer  was 
quite  surprised  at  finding  a  groat  similarity  between  the  glaucophanc-schist  of  the  Kitagawa 
pass,  Tosa  (See  tliis  journal.  Vol.  I,  p.  02.)  an<l  that  of  the  Pacific  Coast,  U.  S.  ;  but  our  schist 
is  of  the  ?  pre-Carboniferous  age  instead  of  being  of  the  Cretaceous.  The  writer  cannot  here 
pass  over  in  the  silence  the  great  obligation  he  is  under  to  Prof.  Williams  for  his  gift  of  a  most 
valuable  collection  of  the  typical  glaucophanes  of  Europe,  for  which  he  can  scarcely  find  any 
adequate  words  to  express  his  deep  sense  of  gratitude. 
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conspicuously  visible  in  small  patches  on  the  plane  of  schistosity  of  the 
rock  and  characteristically  rich  in  microscopic  rutile. 

2. — About  4  km.  west  of  Yorii,  which  is  12  km.  south-west 
from  the  station  of  Fukaya  on  the  Nakasendö  raihvay,  other  good 
outcrops  may  be  seen  in  Sueno  and  Kanaya  along  the  Arakakawa  ; 
these  exposures  are  easily  accessible  to  observers  as  the  two  villages 
lie  on  the  main  road  leading  from  the  Musasi  plain  to  the  centre 
of  the  Chichibu  district.  In  a  stone-quarry  in  Saeno  on  the  right 
bank  of  the  river,  the  normal  sericite-schist  with  abundant  lamellre 
of  a  liofht-ofreenish  sericite  is  worked  in  thin  slabs,  into  which  the 
schist  may  be  readily  cleaved  ;  the  strike  is  nearly  E.  20°  S.  with  high 
angles  of  dips  to  the  S.  E.,  and  the  schist  is  c(3nformably  overlaid 
by  the  spotted  graphite-schist.  Here  lies  the  anticlinal  saddle  of  the 
Sambagawan  series  ;  for,  at  the  Kanao  bridge  (Tokura  bridge),  only 
1  km.  to  the  north  of  the  quarry  already  referred  to  the  piedmontite- 
schist  zone  is  found  with  its  accompanying  normal  sericite  schist,  having 
the  strike  N.  30°  W.,  but  the  dip  being  40°  N.  E.  Diagram  II  show^s 
an  illustrative  exposure  near  the  bridge  already  mentioned  :  — 

Diagram  II. 
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a. — The    normal    sericite-schist    rich    in    quartz,    abundant    in    pistacite- 

patches,  the  colour  light-gray  ; 
/>,  and  b'. — the  purplish-red  piedmontite-schist,  only  one  inch  in  thickness; 
c. — the  white,  compact  quartz-schist  making  up  very  thin  zones  ; 
(l^ — the    green    chlorite-amphibole-schist    with     its    characteristic    white 

"eyes"  of  felspar;  the  rock  rather  compact  and  imperfectly  schistose; 

yellow,  glittering  iron-joyrites  abundant  ; 
e. — the  graphite-sericite-schist  with  black    specks  of  felspar,  showing   a 

thin  lamellar  structure;  spots  very  promiscuous  through  weathering; 

the  rock  earthy  ;  the  soil  produced  therefrom  black  and  slippery. 

The  above  diagram  illustrates  well  the  junction  of  the  Middle 
and  Lower  Sambagawan.  The  cliiï  about  7  m.  in  height  standing 
in  the  foreground  represents  the  latter,  while  the  ]:)lar'k  graphite- 
schist  of  the  former  lies  a  little  behind  covered  with  grass  and  conse- 
quently not  shown  distinctly  on  the  drawing.  The  overlying  as 
well  as  the  underlying  Sambagawan  rocks  dip  away  from  the  sight  of 
the  observer. 

3. — Again  about  6  km.  up  the  Arakawa  other  outcrops  come  to 
view  at  the  village  of  Hon-nogami,  and  also  close  by  the  side  of 
the  bridge  in  Minano.  In  the  latter  place  two  thin  zones  of 
piedmontite-schist  alternating  with  the  chlorite-amphibolite  have 
been  observed  in  an  almost  horizontal  position  with  a  slight  dip  to 
the  north-east,  just  as  at  Sueno  already  mentioned. 

The  occurrence  of  the  red  epidote-schist  in  Hon-nogami,  and 
Minano  may  be  ascribed  to  the  existence  of  a  fault  running 
through  the  two  villages  from  Kanasaki  in  the  direction  of  iSr.20°E 
along  the  left  side  of  the  Arakawa  The  vertical  displacement 
being  very  small,  the  outcrops  found  there  are  very  meagre  and  the 
underlying  normal  sericite-schist  does  not  show  on  the  surface  to  its 
full  advantage.  The  strike  runs  approximately  N.-S.  with  a  slight 
dip  to  the  east. 
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4. — The  next  locality  in  which  the  Lower  Sambagawan  may  be 
seen,  is  along  the  Sambagawa  itself,  which  flows  into  the  Kanna 
river  close  to  the  town  of  Onisi,  in  the  district  of  Miclono,  Kôzuke 
province.  This  rivulet  has  an  easterly  course  with  a  slight  trend  to 
the  south,  thus  harmonizing  well  with  the  general  strike  of  the  whole 
series.  Along  this  tectonic  valley  of  about  o  km.  in  length  beginning 
from  Imogaya,  just  at  the  foot  of  the  Eastern  Mikabu,  the  entire 
complex  of  the  Sambagawan  series  is  typically  developed  ;  and  if 
any  one  is  desirous  of  convincing  himself  of  the  stratigraphie  order  of 
the  complex,  this  is  just  the  place  for  him. 

The  general  strike  is  N.70°W.  with  variable  dips  to  S.A¥.  ; 
but,  where  the  transversal  faults  run  across  the  valley  (altogether  3 
principal  ones  as  in  Profile  IV),  the  geotectonic  condition  is  con- 
siderably disturbed,  and  the  outcrops  of  the  piedmontite-schist  and 
normal  sericite-schist  are  then  laid  bare  for  inspection.  As  can  be 
seen  in  Profile  IV,  two  large  faults  occur  in  the  lower  course  at 
Siosawa  and  Tsukiyosi  respectively,  causing  a  depression  in  the  one, 
while  the  northern  side  has  been  thrown  up  to  a  considerable 
height,  forming  the  fantastic  cliff  of  the  Tsubori-iwa  (200  ft.).  This 
cliff  is  composed  of  chlorite-amphibolite  of  the  Middle  division, 
and  at  its  foot,  along  a  deep  ravine,  the  Lower  Sambagawan  crops 
out  to  day-light. 

5. — The  last  outcrop  which  the  writer  has  to  mention  lies  at  the 
north-western  corner  of  the  geologic  territory  of  the  Sambagawan 
series,  being  exposed  just  to  the  south  of  Ol^ata,  at  the  entrance  of  tlie 
long  valley  of  Akihata.  Here  the  piedmontite-schist  makes  a  small 
saddle  with  the  strike  ISF.  50°  W.,  the  dip  being  very  steep  toward  the 
north  (Todonjki),  and  tlien  vanishes  again  from  sight  on  the  north 
under  the  vertical  cliff  of  the  Tertiary  sandstone  and  conglomerate  of 
the  Chögonji-yama  (str.  E.  20  S.)  to  be  seen  no  more  in  this  region. 
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(g)    The  Middle  Sambagawan. 

This  division  plays  îiii  important  role  among  the  Sambagawan 
series,  amounting  to  about  200  m.  or  -f^  of  the  whole  thickness,  made 
up  of  alternate  layers  of  the  chlorite-amphibolite  and  graphite -sericite- 
schist.  The  whole  middle  complex  lies  conformably  upon  the  Lower 
division,  and  occupies  the  greater  part  of  the  area  of  our  geological 
terrane.  As  a  whole,  the  green  schist  predominates  in  the  lower 
horizon,  while  the  black  schist  chiefly  constitutes  the  liigher  part  ; 
and  both  are  directly  overlaid  by  rocks  of  the  Mikabu  series,  when 
the  Upper  Sambagawan  is  wanting. 

The  chlorite-amphibolite  or  spotted  green  schist  is  extremely 
rich  in  the  white  "'  eyes  "  of  a  scmssuntic  felspar,  which  become  more 
clearly  visible  on  a  w^eathered  surface  ;  but  sometimes,  nay,  indeed 
very  frequently  the  fresh  surface  of  a  rather  compact  variety  does 
not  show  any  sign  of  the  presence  of  the  "eyes";  and  this  is  the 
source  of  a  lamentable  confusion  of  this  rock  with  the  overlying 
Mikabu  rocks — both  being  habitually  indiscriminately  termed  chlorite- 
schist,  although  they  are  really  separated  by  a  wide  stratigraphie  gap. 
This  green,  spotted  schist  not  infrequently  comes  together  with  the 
piedmontite-schist  (i.  g.  in  Todoroki  near  Obata,  and  Minano),  and  the 
former  is  rather  compact  and  less  fissile  than  the  spotted,  black  schist. 
The  graphite-schist  becomes  coarse-lameller  (Oda  and  also  in  the  neifj^h- 
bourhood  of  Onisi)  through  the  i)resence  of  the  black  "  leather-bag- 
shaped"  crystals  (ß(j.  6)  of  felspar  ;  and  through  weathering  the  rock 
acquires  a  brown  colour,  presenting  an  aspect  quite  distinct  from  the 
spotted  graphite-schist. 

1. — Both  the  chlorite-amphibolite  and  graphite-schist  occur  in 
an  isolated  district  east  of  Ogawa,  Avhere  they  overlie  the  piedmontite- 
schist,  and  dip  to  the  north-east,  being  directly  covered  on  the  north  by 
gray  wacke-sandstone  and  in  part  by  the  Tertiary  of  the  Ogawa  basin. 
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2. — Along  the  Arakawa  from  Yorii  to  Hon-iiogami,  illu.strative 
examples  of  the  alternation  of  the  spotted  black,  and  green  schists  are 
exposed  to  view  with  moderate  dips  variable  at  times  but  generally 
to  N.E. 

3. — In  the  other  localities,  such  as,  on  the  road  from  Kodama  to 
Oda,  in  the  environs  of  Onisi,  in  the  lower  course  of  the  Sambagawa, 
in  the  Hino  valley  beginning  from  Kanai  to  Kami-Ilino,  or,  lastly, 
in  the  Akihata  valley,  these  two  rocks  always  occur  in  multifarious 
alternations,  the  higher  portion  of  which  consists  chiefly  of  the 
graphite-schist.  The  dip  is  usually  very  gradual,  the  prevailing 
strike  harmonizing  well  with  the  general  axis  of  the  whole  series, 
and  it  is  not  imcommon  to  find  them  in  a  perfectly  horizontal 
position  in  extensive  tables. 

(h)   The  Upper  Sambagawan. 

The  upper  division  is  mainly  confined  to  the  southern  side  of  the 
Arakawa  and  makes  its  appearance  on  the  higher  parts  of  the  hills. 
This  light-gray  or  dark  coloured  rock  is  nothing  but  the  epidote- 
sericite-gneiss  which  in  the  lower  horizon  is  thick-platy,  while  on  the 
higher  zone  it  becomes  a  very  thin,  papery  schist.  The  latter  shows 
on  the  cleaved  surface  a  silky  lustre,  and  through  long  exposure  to 
air  the  rock  falls  into  a  soft,  talcose,  glittering,  slippery  mass. 

The  writer  has  always  been  confronted  with  difficulty  in 
assigning  the  boundary  of  this  and  the  preceding  division,  as  the 
spotted  graphite- schist  of  the  Middle  Sambagawan  insensibly  blends 
with  that  of  the  Upper  Sambagawan  forming  with  it  a  continuous 
series.  Between  the  Lower  and  Middle  divisions  a  well-characterized, 
red  piedmontite-schist  serves  well  for  the  purpose  ;  while  here  such 
reliable  means  fail  entirely.  Consequently  the  writer  in  this  case 
stands  ratlier  on  weak  footirjg  in  establishing  the  separate  existence 
of  the  Upper  Sambagawan.     Nevertheless,  the  writer  believes  he  is 
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in  the  riglit,  basing  this  belief  un  the  general  dissimilarity  of  p3tro- 
graphical  characters  of  the  two  divisions.  Other  evidences  in  f ivour 
of  his  view  could  be  produced  from  observations  made  in  the  Island 
of  Sikoku  if  required,  but  the  future  will  decide  the  whole  question. 

The  task  becomes  still  more  serious  when  we  try  to  fix  the 
boundary  between  this  and  the  Mikabu  series,  as  the  appearances  of 
the  rocks  of  both  groups  are  in  the  main  similar  ;  still  the  micro- 
scope affords  a  means  of  discrimination. 

The  typical  exposure  of  this  division  may  been  seen  on  the 
Kainita  pass  between  Kaiya  and  ]\Iisawa,  where  the  strata  lie  nearly 
horizontal  with  a  slight  dip  to  the  east,  and  the  serpentine  dykes 
variously  traverse  the  rocks  without  causing  any  considerable  dis- 
turbances in  the  adjoining  gneiss,  and  the  latter  is  [»artially  covered 
by  the  pyroxenite  and  amphibolite  of  the  Ogiri-yamn.  Where  the 
Upper  division  fails,  the  spotted  graphite  schist  of  the  Middle  Samba- 
gawan  is  directly  overlaid  by  the  Mikabu  series.  These  conditions 
are  clearly  shown  in  the  following  profiles. 

(i)    Profiles. 

Profile  I,  C  D — is  taken  from  Kaiya  to  Misawa  for  a  distance  of 
about  4  km.  through  the  well-known  pass  of  Kainita  ;  the  rocks 
exposed  are  in  the  main  various  types  of  the  epidote-sericite-gneiss, 
i.  e.  the  Upper  Sambagawan.  Just  at  the  foot  of  the  pass  near 
Kaiya,  a  red  schalstein  accompanied  by  a  siliceous  slate  rests  uncon- 
formably  upon  the  gneiss.  This  gneiss  has  a  thin-lamellar  structure 
and  may  be  easily  cleaved  into  stiff  papery  masses.  The  w^eathered 
rock  presents  a  talcose  appearance.  Half-way  up  it  is  covered  by 
a  diabase-amphibolite  which  in  turn  is  intruded  into  by  dykes  of  a 
bluish-green  serpentine  having  a  shelly  structure.     On  the  western 
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flank,  the  gneiss  is  considerably  disturberl  for  only  a  short  distance  by 
t\vo  dykes  of  serpentine,  but  this  serpentine  by  no  means  constitutes 
the  normal  stratified  member  of  the  Upper  division.  It  is  generally 
accepted  by  the  geologists  of  our  Geological  Survey  that  all  serpentines 
should  form  a  schistose  member  of  older  schists  ;  that  is  to  say,  they 
are  derived  from  olivine-schist  and  the  like.  The  writer  is  not  able  to 
agree  wholly  with  them  in  regard  to  this  point.  The  serpentine  occur- 
rences hitherto  known  in  Chichibu  always  seem  to  point  out  that  the 
rock  has  been  derived  from  the  diabasic,  and  gabbro  rocks,  although 
all  serpentines  in  other  districts  may  not  necessarily  be  of  like  origin. 

In  this  profile,  the  Upper  Sambagawan  is  developed  in  its  full 
proportions,  and  generally  speaking,  strata  are  horizontal  with  a  slight 
dip  to  the  east. 

Profile  II,  EF — is  taken  from  the  region,  7  km.  to  the 
north  of,  and  parallel  to,  the  preceding,  for  an  extent  of  about 
5  km.  between  Sueno  and  Hon-nogami  across  the  village  of 
Fuppu.  The  strata  all  dip  slightly  to  the  east.  The  greater  part  of 
the  section  is  occupied  by  the  Middle  Sambagawan,  while  the  higher 
horizon  is  covered  at  two  prominences  by  the  Upper  Sambagawan. 
The  whole  complex  seems  to  have  been  greatly  disturbed  at  its 
middle  by  numerous  dykes  of  serpentine  ;  the  highest  part  of  the 
pass  is  capped  by  the  amphibolite  of  the  Mikabu  series.  Near  Sueno 
on  the  east-,  and  Hon-nogami  on  the  west  along  the  Kami-Hiradani 
valley,  the  graphite-sericite-schist  with  large  nodules  is  developed 
in  its  typical  form. 

Profile  III,  G  H — presents  exclusively  the  rock-groups  of  the 
Middle  Sambagawan.  It  extends  from  Genda,  lying  to  the  west  of 
the  town  of  Kodama  to  Öda,  along  the  banks  of  Minaregawa,  for  a 
distance  of  nearly  6  km.  For  the  study  of  the  Middle  Division,  the 
river-banks  are  worthy  of  personal  inspection  in  order  to  get  an  insight 
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into  the  mode  of  aiTaiigemeiit,  und  tli3  relation«  oï  various  rock-types 
which  insensibly  ]):iss  into  one  nnotln'r.  Xear  the  middle  of  the  jn'ofile 
at  Terayama  (Köchi),  a  serpentine  dyke  is  found  considerably  disturb- 
ing the  graphite-schist;  at  Köchi  an  antielinal  fold  is  clearly  traceable. 
Before  the  anticlinal  the  strike  is  X.  80°  W.  with  the  dip  of  X'E  ;  but 
afterwards  it  changes  to  X.  10°  E.  with  ihe  south-easterly  dip. 

Profile  IV,  IK — is  that  (-f  the  Samba-gawa,  along  which  nil 
the  three  divisions  are  typically  represented,  \u  the  lower  course 
of  the  river  îdrernate  layers  of  the  spotted  black  and  green  schists 
have  a  slight  northerly  dip,  while  at  Siosawa,  the  strike  changes  to 
N.  65°  W.,  dip  X.E.  The  piedmontite-schist  layer  has  strike  X.  65° E., 
dip  S.W.  All  the  layers  are  in  the  same  condition  up  to  Imogaya. 
After  crossing  the  top  to  the  Hino  valley,  the  strike  of  the  Upper 
Sambagawan  becomes  X.-S.  with  dij)  to  the  west. 

Profile  V,  LM — is  taken  along  the  Ogawa  in  Akihata  for  a 
distance  of  8  km.  (2  ris).  The  rocks  exposed  are  mainly  of  the 
Middle  division  with  str.  X.oO°\Y.,  dipping  gradually  to  S.AV.  X'ear 
the  Kotöge  in  Hino,  the  black  schist  is  traversed  by  serpentine-dykes, 
and  higher  up  we  encounter  the  Mikabu  rocks  which  continue  far 
into  the  interior  of  the  Sanchü  valley  on  the  south. 

At  the  north  end  of  the  profile  (Todoroki),  the  piedmontite-rock 
crops  out  to  day-light  but  only  for  a  short  distance,  and  then  again 
disappears  under  the  Tertiary  sandstone  of  the  Chogonji-yama 
(str.  W.  10°  X  ;  dip  high  to  XE.) 

Profile  \i,  AB — represents  the  section  for  a  distance  of  2  km. 
from  Kamagata  on  the  south-east  to  Ogawa  on  the  north-west. 
Many  instructive  exposures  may  be  observed  along  the  winding- 
course  of  the  Tsuki-gawa  where  the  Lower  Sambagawan  Avith  the 
normal  sericite-schist  and  piedmontite-schist  is  conformably  overlaid 
by  the  Middle  Sambagawan  complex  of  the  spotted  green  and  spotted 
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black  schists.  Between  Kamagata  and  Simo-sato,  the  strike  runs 
N.  15°  E.  with  a  gentle  dip  to  S.  E.,  being  disturbed  by  two  faults  at 
the  village  of  Tôyama.  After  passing  the  anticlinal  of  Simo-sato  in 
the  north-westerly  direction,  the  strike  changes  to  N".  70°  W.  with  a 
dip  to  N.  E.,  and  then  the  schistose  complex  disappears  under  the 
greywacke-sandstone  and  Alluvium  near  the  basin  of  Ogawa. 

(j)    Relations  of  the  Orography  and  Geology  of 
the  Sambagawan  Terrane. 

The  axiom,  that  mountains  of  older  geologic  dates  are  insig- 
nificant in  their  height  when  compared  with  those  of  younger  origin, 
holds  true  also  in  the  case  of  Chichibu.  The  district  under  question 
is  circumscribed  on  all  sides  by  mountain-ranges,  built  up  of  rocks 
of  various  ages,  the  very  centre  of  which  is  an  extensive  geologic 
basin  of  the  Pliocene- Tertiary  of  Omiya.  1'he  north-eastern  rim  of 
this  caldron-like  depression  is  formed  by  low  hills  of  the  ancient 
Sambac^awan  series. 

In  travelling  along  the  Nakasendo  railway,  we  may  notice  a  very 
great  contrast  in  the  views  of  différent  parts.  The  back-ground  is 
the  tremendous  esc:^.rpment  of  the  Palaeozoic  hornstone  of  Ryökami, 
while  the  borderland  is  a  low  chain  of  the  Sambagawan  series  which 
is  limited  on  the  north  by  the  two  conical  peaks  of  Mikabu,  and  on 
the  south  the  diabasic  Ogiri-yama  projects  out  from  the  surrounding- 
hills.  These  heights  are  built  up  of  the  tuff-amphibolite  of  the  Mikabu 
series  which  directly  overlies  the  Sambagawan  rocks.  On  account  of 
its  compactness  of  texture,  the  Mikabu  series  withstands  the  atmos- 
pheric agencies  better  than  the  other,  and  thus  a  marked  contrast  has 
resulted  in  the  topography  of  this  district. 

The  hydrographie  basin  of  the  Sanchü  hi  the  district  of  Kanra, 
discharges  its  waters  by  Unishi  in  the  form  of  the  Kannagawa  ;  while 
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the  waters  of  the  depression  of  Chichibu  find  then*  exit  in  a  narrow 
channel  of  the  Arakawa  by  Minano  and  Yorii.  Both  rivers  run 
across  the  Sanibagawan  series,  and  no  sooner  do  the  rivers  enter  the 
region,  than  they  assume  a  meandering  course,  being  directed  against 
the  strike  of  this  series.  This  district  is  devoid  of  forest,  and  attbrds 
only  poor  soils. 

(k)    Massive  Rocks. 

Eruptive  rocks  within  the  Sambagawan  terrane  make  their 
appearance  as  dykes,  or  more  frequently  in  the  form  of  massive 
exposures  ;  the  boundary  between  this  and  the  adjacent  rocks  has 
become  quite  indistinct  owing  to  subsequent  changes  in  themselves 
and  also  in  their  mode  of  occurrence  ;  still  it  is  beyond  all  reasonable 
doubt  that  the  eruptive  rocks  came  out  after  the  formation  of  the 
Sambagawan  schists,  as  is  clearly  indicated  by  considerable  tectonic 
disturbances  in  the  neighboring  rocks.  The  above-mentioned  erup- 
tives are  gahhros  and  gahhro-diorites,  both  have  always  an  intimate 
connection  Avith  serpentines. 

Of  late,  we  are  acquainted  from  various  sources  with  the  wide 
distribution  of  gabbros  and  the  like  in  our  country,  and  ample 
materials  are  ready  at  hand  which  can  only  be  treated  on  another 
occasion.  In  the  present  paper  the  writer  gives  the  description,  for 
the  sake  of  completeness,  of  those  only  which  occur  within  the 
district  under  question. 

The  typical  rock  is  the  gahhro-diorite  found  along  the  Arakawa, 
on  the  cliff  of  Kosaka  (Kanasaki)  near  the  (often-mentioned)  Minano 
village.  It  is  a  whitish-gray,  hipidiomorphic-granular  rock  of 
originally  massive  structure,  but  now  become  more  or  less  imperfectly 
schistose  ("  grobflaserige  ").  The  grayish  mass  is  speckled  with 
dark  brownish,  satiny  [)atches  (sometimes  an  inch  or  more  in  size)  of  a 
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lamellar  texture.  Seen  under  the  microscope  these  patches  consist, 
for  the  greater  part,  of  a  long,  fl^iky,  almost  colourless  or  bluish-green 
variety  of  amphibole,  a  part  of  which  has  alretidy  chimged  intu  a  light- 
green,  confused  mass  of  serpentine.  The  above-mentioned  amphibole 
is  ?  treiiiulitc  (c  :  c  =  11°- lo°)  of  the  secondary  origin,  produced  from 
a  diallage-like,  greenish -brown  pyroxene,  the  remains  of  which  can 
frequently  l)e  met  with  in  the  still  fresh  cores  accom])anied  with  the 
dark-hrown,  hujhhj  pleochroic  vianjin  of  the  seconikinj,  compact,  hasaltic 
Jiontblcnde  (c:c  — always  1°- 2^  greater  than  that  of  the  green  one). 
The  last  variety  of  am[)hibole  is  of  a  very  special  interes':. 

In  petrographical  works  on  gabbros,  there  has  been  nuicli  dis- 
cussion aljout  the  hornblendes  which  occur  in  connection  with  the 
augite  in  the  gabbro  rocks,  whether  the  minerals  are  of  the  primary  or 
secondary  nature.  The  hornblendes  are  principally  of  3  kinds  Avhich 
will  now  l)e  considered — (1)  the  green,  fibrous,  uralitic  ;  (2)  the  compact 
(jreen;  and  (o)  lastly,  the  hruicn,  compact  hornhleiide  All  writers  seem  so 
far  in  acc(n'd  as  to  the  secondary  nature  ()f  the  first  variety  ;  but  the 
second  and  the  third  have  in  common  the  compact  texture,  dilfering 
from  each  other  only  in  colour,  thus  the  appearance  of  both  betrays 
the  original  freshness.  On  this  account,  J,  H.  Kloos^^  was  led  to  say 
that,  of  tlie  hornblende  which  encircle  the  core  of  the  intact  diallage, 
"  die    Annahme   einer   Umwandlung    des   Diallags    in    die    compacte 

Hornblende  scheint  mir  von  vornherein  ausgeschlossen  zu  sein 

Die  randliche  \^erwachsung  von  Diallag  und  Hornblende  würde  als 
einfache  Perimorphose  zu  deuten  sein." 

Lately,  this  question  became  one  of  paramount  importance  in 
petrography,  especially  in  explaining  the  genesis  of  amphibole-schists 
and   the   "  tlasergabbros,"   and  has   already   received   much   attention 

1)  Neues  Jahrb.  f.  Miueralogie  etc.,  Ill  Beilage-Baud,  p.  ä2. 
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from  various  lidiologists,  such  as  (t.  H.  ITawes,^)  K.  1).  Ir\ing,^) 
J.  Lehmann,*)  Hj.  Sjögren,^^  G.  H.  Williams,^)  and  many  others  ; 
and  we  are  indebted  specially  to  the  last  author  for  a  detailed  account'^) 
of  the  paramorphosis  of  pyroxene  to  a7n])hibole. 

Most  American  writers  adhere,  with  good  reason,  to  the  \  iew  of  the 
secondary  nature  of  not  only  the  green  compact,  but  also  the  brown 
basaltic  hornblende,  which  Kloos  considers  a  matter  of  impossibility 
(op.  cit).  My  study  of  Japanese  gabbros  confirms  the  view  entertained 
by  the  American  lithologists,  and  the  following  short  account  of  the 
hornblendes  may  prove  not  to  be  entirely  wanting  in  interest. 

Onr  rock  from  Minano  contains  large  ])orphvritic  crystals  of 
diaUage  which  is  undergoing  paramorphosis.  The  large  core  is  sur- 
rounded by  a  zone  of  perfectly  compact  hornblende  ;  the  interior 
boundary  of  this  rim,  i.  e.,  the  line  of  contact  between  it  and  the 
diallage-remains,  is  the  most  irregular  possible.  The  most  delicate 
tongues  and  shreds  c)f  hornblende  extend  from  the  outer  rim  into  the 
diallage-substance  in  every  direction  in  a  most  complicated  manner, 
so  that  it  is  impossible  either  to  describe  or  to  portray  it  adequatelv. 
The  diallage  and  hornblende,  which  are  well  distinguished  by  differences 
in  colour  and  optical  orientation,  are  not  really  separated  liv  sharp 
lines  of  contact.  They  everywhere  shade  intc^  one  anc^ther  bv  insensi- 
ble gradations.  The  transition  of  substance  is  so  gradual  that  it  is  noi 
possible  to  detect  the  exact  points  where  one  l)egins  and  the  other 
ends,  even  under  the  highest  power  of  the  microscope.     Xowhere  does 


2)  The  Lithology  of  New  Hampshire.  Cf.  E.  D.  Irving,  (foot-note  3). 

3)  On  tlie  Paramorphic  Origin  of  the  Hornblende  of  tlie  Crystalline  Eocks  of  tlie  North- 
western States.     Amer.  Journ.  Science,  1S84.   If,  XXXVITI,  p.  IßlJ. 

4)  Ueber  die  Entstehung  der  altkrystiilliuischeu  Schiefergesteine,  etc.  p.  IJIQ. 

;'))  Geol.  Foren,  in  Stockholm  Förh.  Cf.  Neue«  Jahrb.  f.  Mineralogie,  etc.  1884,  I,  p.  Sl. 

6)  Bulletins  U.  S.  Geol.  Survey,  Vol.  4.      The  Gabbros  and  Associated  Hornblende  Eocks, 
p.  051. 

7)  On  the  Paramorphosis   of  Pyioxene  to  Hornblende  in   Eocks.    Amer.  .Tonru.  Science, 
XXVni,  1881,  Oct.  p.  2r,9.  et  seq. 
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the  secondary  basaltic  hornblende  exhibit  any  signs  of  a  fibrous 
structure.  The  diallage-core  is  traversed  by  fine  lines  due  to  its 
lamellar  structure,  and  these  lines  sometimes  directly  proceed  into  the 
hornblende-substance.  PI.  Ill,  fig.  1.  is  drawn  fi:om  the  polished 
surface  of  the  rock  to  half  the  natural  size,  and  this  shows  how  the 
marginal  black  hornblende  is  related  to  the  diallage.  The  portion 
marked  (a)  between  the  core  and  the  outer  irregular  zone  is  the  spot 
where,  when  seen  under  the  microscope,  the  hornblende  sends  out 
tongues  and  shreds  of  its  own  substance  into  the  diallage,  thus 
presenting  the  T^sQwao-eutaxitic  structure.  The  green,  compact 
hornblende  of  secondary  origin  is  also  found  in  connection  with  the 
brown  variety,  or  sometimes  developed  independently  ;  and  both 
finally  resolve  themselves  into  a  fibrous  confused  mass  after  passing 
through  an  intermediate  stage  of  tremolite. 

Now,  the  question  is  at  once  suggested: — Why  should  the  brown, 
basaltic  hornblende  described  before  have  all  the  appearance  of  a  fresh 
mineral,  while  the  green,  compact  variety  as  well  as  the  diallage-core 
itself  show  more  or  less  a  fided  aspect?  The  keenest  observers  have 
hithei'to  passed  over  this  point  in  silence.  First  of  all,  we  may  ask 
ourselves  whether  the  fine  lamellar  structure  present  in  the  diallage 
before  as  has  existed  since  the  formation  of  the  crystals,  or  whether 
it  is  simply  a  result  of  pressure,  by  the  action  of  which  the  molecules 
composing  the  mineral  have  been  enabled  to  rearrange  themselves  in  a 
new  position  for  the  production  of  the  polysynthetic  lamellae.  Leopold 
von  Werveke^)  thinks  it  not  altogether  impossible  that  these  lamellœ 
could  be  produced  by  the  influence  of  mechanical  power  from  outside; 
but  it  is  not  vet  decided  whether  these  should  be  considered  as  a 
twinning  structure,  or  only  an  apparent  one.  Anyhow,  the  lamellae 
may  be  regarded  as  having  a  pathological  significance  resulting  from 
the  action  of  external  force. 

1)  Neues  Jahrb.  f.  Mineralogie  etc.,  1883,  II,  p.  99. 
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If  such  be  the  case  the  compact  original  pyroxene,  as  it  seems 
to  the  writer,  \v;is  paramorphosed  to  the  ba.<altic  hornblende  long 
before  the  formation  of  the  plane  of  parting  in  the  former  ;  and  by 
that  change  the  ferrous  oxide  r-ontained  in  the  pyroxene  became 
ill  ]:>art  the  ferric  oxide,  to  which  the  lirown  colour  of  the  new 
hornblende  appears  to  be  in  the  jnain  attributable.  When  once  the 
feme  oxide  had  been  fjrmed,  it  ncted  as  a  preventive  to  fiirtlier 
chemical  change  in  the  substance  of  the  hornblende,  just  as  in  the 
case  of  an  iron-rod  which,  when  dipped  into  nitric  acid  becomes,  by 
virtue  of  the  thin  coating  of  oxide  formed  on  its  surface,  passive  or 
indifferent  to  the  acid.  The  process  of  oxidation  stated  above,  had 
advanced  gradually  from  periphery  of  the  pyroxene,  while  the  inner 
part  of  it  remained  quite  intact;  and  at  this  stage  mechanical  forces 
had  acted  from  outside  producing  tlie  lamellar,  polysynthetic  struc- 
ture, very  characteristic  of  diallage  ;  and  at  the  same  time  lamella? 
had  been  formed  in  the  marginal,  brown  hornblende,  though  fewer 
in  number.  Juddi)says;  "  If  lamellar  twinning  has  been  already 
developed  in  a  crystal,  then  chemical  action  takes  place  along  the 
gliding  planes  in  preference  to  the  normal  solution-planes."  The 
surface  of  lamella?  in  our  diallaoe  therefore  atforded  new  fields  for 
chemical  ])rocesses,  and  the  mineral  ultimately  resolved  itself  into 
tremolite  or  serpentine  respectively,  while  the  brown,  compact  horn- 
blende survived  the  general  decomposition.  The  above  supposition 
is  moreover  strongly  supported  by  frequent  occurrences  of  sharply 
defined  patches  of  the  basaltic  hornblende  witliin  tremolite  and  also 
in  a  confused  aggregate  of  serpentine. 

The  felspar  of  the  gabljro-diorite  occurs  in  large  allomorphic 
crystals  ;  its  appearance  is  quite  dull,  and  is  of  a  dirty  grayish-white 

1)  "Nature"  Vo].  35,  Xo.  IS,  IVIarch,  18S7,  p.  41(1.  The  Relation  between  Geology 
anil  Other  Mineralocrical  Si-icno;'«. — Presilentiat  Address  to  the  Geologial  Society  at  the 
Anniversary  ^Nteeting,  Fel)niary,  18S7.     See  also  Quart.  .Tourn.  Geol.  Soc.  XLIII. 
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colour.  In  spite  of  its  dusky  aspect,  it  displays  very  vivid,  chromatic 
polarization-colours,  unoommon  in  a  partially  decomposed  felspar. 
The  oblique  extinctions  upon  the  faces  M  and  P  take  place  at  -41° 
and  -29°  to  -33°  respectively.  The  positions  of  hyperbolas  seen 
from  M  and  P  are  just  at  the  midway  between  those  of  hyperbolas  of 
bytownite  and  anorthite.  Along  the  fissures  of  the  felspar,  radiating 
tufts  of  stout  needles  jnay  frecpiently  be  seen  with  vivid  chromntic 
polarization-colours  of  green  and  violet  tinges.  The  angle  of  extinc- 
tion is  oblique,  but  in  no  way  do  they  ever  come  to  total  darkness;  with 
hydrochloric  acid  they  gelatinize  without  difficulty.  G.  H.  Williams^-) 
seems  to  have  found  the  same  mineral  in  a  orabbro  of  P>altimore,  and 
the  writer  agrees  with  him  in  considering  these  tufts  to  be  built  up 
of  a  zeolite  (Scolecite).  A  very  similar  gabbro-diorite  was  recently 
brought  from  Mine-oka,  in  the  province  of  Awa.  The  felspar  of 
that  diorite  presents  exactly  the  same  ]ia1)itus  as  that  of  Chichibu. 
Tt  may  be  well  here  to  quote,  f)r  the  sake  of  comparison,  the  result 
of  the  analysis  ofthat  felspar,  which  is  as  follows  : — 
SiO„ 43.59 


ALO,  . , 
Fe,03  . 
CaO  . 
MgO  . 
K,0  . 
Na,  0  . . 
H,0    . 


31.62 

0.90  (Fe  0  wanting) 
17.25 

0.27 

trace 

1.78 

4.51 


100.42 


Sp.  gl-.  2.62 


The  crystals  of  epidote   are   plentiful   iti    tlie    felspar- substance, 
especially   at   the   contact    between  the  greenish   hornblende  and  the 


1)  Bulletins  of  the  U.  S.  Geological  Survey,  No.  28,  p.  58. 
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felspar,  formed  by  the  mntujil  reaction  of  both  mineralH,  the  teriiiiiiated 
ends  of  epidote-individiuils  projecting  into  tlie  substance  of  felspar, 
as  described  by  (r.  H.  Williams. O 

As  has  been  already  stated,  a  typical  exposure  of  the  gabbro- 
diorite  is  found  at  Kanasaki  near  the  village  of  ^linano,  along  the 
cliif  of  the  Arakawa.  There  the  rock  passes  insensibly  into  serpentine 
which  occurs  as  dykes  in  the  o-ranhite-sericite-schist  ;  and  the  hifrher 
part  of  the  cliff  is  entirely  covered  by  a  mass  of  the  serpentine. 

The  serpentine  is  of  a  bluish  eolour  ;  the  weathered  portion  of 
it  may  be  easily  parted  in  shelly  masses.  Under  the  microscope  in 
polarized  light,  the  whole  rock  appears  t<j  consist  of  long,  divergent 
flakes,  transmitting  a  gray  or  blue  light  ;  in  short,  it  looks  just  like 
williamsite  from  Easton  in  Pennsylvania,  although  the  presence  of  the 
nickel  oxide  in  (jur  specimen  is  not  yet  proved.  Our  serpentine  may 
have  probably  resulted  from  the  decomposition  of  secondary  amphi- 
boles, and  up  to  the  present  no  traces  referable  to  the  structure  of  the 
divine-bearing  variety  has  been  discerned  ;  the  presence  of  olivine  is, 
however,  not  absolutely  denied,  as  it  seems  to  be  fjund  in  other 
serpentines  occurring  in  the  neighbouring  districts. 

The  serpentine  is  very  frequently  met  with  on  the  southern  side 
of  the  Arakawa  from  Nabeyama-Fuppu  to  the  Kainita  pass  in  a 
long  discontinuous  ehain  of  a  dyke,  running  from  S.  20°  E.  to  X.AV. 
for  a  distance  of  10  km.;  and  its  north-western  prolongations  may  be 
traced  still  further  at  Köchi  in  the  Minaregawa  vallev  (see  Profile  III). 
Its  mode  of  occurrence  can  be  understood  clearly  by  referring  to 
the  profiles  I  and  II. 

The  serpentine  rocks  lend  a  peculiar  featiu-e  to  the  topography  of 
this  region  by  their  compact  texture,  and  they  stand  out  in  promi- 
nences from  the  surrounding  schists  and  gneisses.     As  to  its  economic 

1)  op.  cit.  )).  31. 
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uses,  a  bmall  serpentine-quarry  Avas  worked  until  a  few  years  ago,  at 
Yosino-iri  in  Misawa,  for  making  small  ornaments  ;  but  it  is  now 
entirely  abandoned. 

The  foregoing  is  only  a  few,  short  remarks  on  the  serpentines 
found  within  the  confines  of  the  »Sambajj'awan  series  ;  but  the  u'reat 
majority  of  its  occurrences  fall  in  the  succeeding  or  Mikabu  period, 
where  ophitic  rocks  occur  in  large  detached  masses  within  the  am- 
phibolite  and  pyroxenite,  accompanied  by  a  very  interesting,  secondary 
glaucophane  ;  the  treatment  of  these  augite  and  h(.)rriblende  rocks  lies, 
however,  beyond  the  scope  of  the  present  paper. 

(I)    Conclusion. 

The  Sambati'awan  is  the  lowest  of  the  long;  iceolo^j^ic  series  ever 
found  in  the  Chichibu  district,  covering  an  area  of  about  270  km., 
and  occupying  the  north-western  rim  of  the  central  depression  of 
Chichibu.  The  main  anticlinal  axis  runs  from  iSueno  near  Yorii  on 
the  south-east  to  Obata  on  the  north-west,  with  a  trend  of  X.  70°  W. 
for  a  distance  of  27  km.,  touching  the  northern  side  of  the  Samba- 
gawa  and  also  the  upper  course  of  the  Hino  valley  ;  and  along  this 
line  we  really  find  good  exposures  of  the  Lower  Division,  and  conse- 
quently of  the  piedmontite-schist.  The  widest  portion  of  this  Samba- 
gawan  belt  is  traversed  on  the  south  by  the  Arakawa  river  and  on  the 
north  by  the  Kanna  river,  the  strata  dipping  away  gradually  from 
the  main  axis  of  elevation. 

The  rock-complex  which  comes  underneath,  is  probably  mica- 
schist  and  biotite-gneiss  as  developed  in  the  Island  of  Sikoku  ;  but 
this  hypothesis  cannot  be  established  until  an  actual  contact  is  really 
ascertained  ;  what  lies  directly  above  is  îi  tliick  series  of  gabbro  and 
diabasic  derivatives  and  serpentines. 

To  summarize  the   leading   features   of  the   three  divisions,  the 
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lower  one  consists  of  whitish-gray,  iionnal  sericite-schist,  rich  in 
quartz  and  seririte  with  the  fliara'-teristic  riitilr  and  cal'-ite.  At  the 
junction  of  the  Lower  and  Middle  di\isions  a  very  uni<jUe  pied- 
montite-schistO  makes  its  appearance,  alternatinii"  with  the  spotted 
black  and  green  schists  ;  the  two  hitter  afterwards  become  the  pre- 
dominant rocks  of  the  Middle  division.  They  are  the  chlorite-amphi- 
bolite  with  white  specks  of  felspars,  and  the  graphite-sericite-scliist 
with  black  spots  of  felspars,  these  two  attaining  the  great  thickness  of 
'200  m.  or  -/^  of  the  whole  thickness.  The  characteristic  accessory 
components  are  tourmaline  and  calcite.  The  [pper  Sambagawan 
consists  of  a  phity  or  paper}'  epidote-sericite-gneiss  rich  in  felspar, 
with  the  never-failing  accessory  of  epidote. 

The  peculiarities  of  the  Sambagawan  rocks  are  the  complete 
absence  of  the  true  moscovite  or  biotite,  the  abundance  of  sericite,  the 
want  of  the  microperthitic  structure,  the  presence  of  tourmaline  and 
piedmontite.  Xo  trace  of  organic  remains  has  e^  er  been  detected. 
Anyhow,  these  rocks  do  not  present  many  of  the  characteristics  so 
common  to  the  true  crystalline  schists. 

The  question  now  arises  as  to  the  real  origin  of  these  rocks.  It 
is  not  altogether  safe  for  an  inexperienced  student  like  the  writer 
to  advance  any  view  concerning  a  probable  mode  of  the  formation 
of  such  rocks  as  sericite-gneiss,  etc.,  especially  in  the  face  of  high 
authorities  in  Europe.  Still  the  practical  lessons  learned  bv  per- 
sonal observation  in  the  field,  have  forced  him  utter  to  his  views  on 
the  genesis  of  the  Sambagawan  rocks,  whose  nearest  relatives  are  to 

1)  This  is  for  the  first  time  we  fiud  the  piedmoutite  occuniug  ia  sucli  a  hirge  quautitj'  as  to 
eutitle  it  to  the  rank  of  an  essential  iugredieut  of  certain  rocks.  The  nearest  relative  (thnlite) 
of  this  mineral  is  said  to  have  been  found  iu  an  eleolite-syeuite  from  the  Serra  dos  Posços  de 
Caldas  in  Minas  Geraes,  in  Brazil.  Its  occurrence  seemed,  however,  at  first  so  strange  that 
Roseubusch  was  very  much  astonished  on  hearing,  from  Orville  A.  Derby,  of  its  presence  iu 
the  syenite,  as  may  be  conjectured  by  his  affixing  the  sign  of  interrogation  to  red  epidote  or 
thnlite.  "  Massige  Gesteine  "  "ite  Aufl.  p.  90. 
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be    found    in    the    "  Graniilitmitte];>ebir""e  "   in    Saxonv.  also   in   the 
Tanniis,  and  the  Ardennes. 

To  the  present  writer,  it  seems  highly  probable  that  the  whole  of 
the  Sambagavvan  rocks  represents  a  dynamometamorphi'-  state  of 
originally  diitereiit  rock-types.  The  normal  sericite-schist  may  have 
resulted  from  a  coarse  graywacke,  while  the  epidote-sericite-gneiss 
may  have  been  changed  from  a  tine  variety.  The  chlorite-amphibole- 
schist  miiiht  have  been  derived  from  a  basic  tufaceous  material  of  an 
erLlpti^"e  rock  or  rocks,  whereas  the  graphite-seficite-schist  may  have 
its  origin  in  a  carbonaceous  slialc. 

We  have  rocks  ana]o<i'ous  to  the  îSambayavvan  series  in  the 
higher  strata — transition-system — but  with  quite  a  dissimilar  aspect. 
Between  the  Sainbagawan  and  the  Upper  Carboniferous  Fusnlina  lime- 
stone in  Cliichibu,  there  lies  a  thick  complex  of  rocks,  being  made  up  of 
alternate  layers  of  arkose  graywacke-sandstone,  black  slate,  hornstone, 
adinole  slate,  diabase  sheets,  diabase-tutfs,  schalstein,  etc.— these  are 
now  comprised  under  the  name  of  the  ?  ])ve-C'arhonifero'us.  To  the 
writer,  the  »SambagMwan  rocks  seem  not  materially  to  differ  from 
these,  except  that  the  former  have  now  been  changed  into  apparently 
unlike  rocks.  The  sericite-gneiss  near  Döbeln  in  the  '  Granulit- 
gebirge  '  in  Saxony  is,  according  to  J.  Lehmann,!^  a  metamorphosed 
graywacke.  Thus  the  supposition,  that  our  sericite-gneiss  and  sericite- 
schist  may  liave  resulted  from  a  felspar-graywacke-sandstone.  appears 
not  entirely  impossible,  and  the  same  may  be  said  of  the  graphite- 
sericite-schist  which  was  once  a  black  carbonaceous  slate. 

One  fact  should  not  here  be  passed  unnoticed  ;  i.  e.  the  richness  of 
felspar  in   (jur  graywacke-sandstones  ;  indeed,  that  mineral  makes  up 
the  great  bulk  of  the  constituents  of  the  rock.     In  ordinary  sandstones 
formed  by  the  deposition  of  washed  sands  along  the  shores  and  river- 


1)  '  Entstehung-  der  altkryst.  Schiefer.'     Bonn.  1884. 
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licfls.  the  fe]sj)ai*-o-raiii8  are,  as  a  rule,  scanty,  since  that  mineral  is 
easiJy  decomposable.  Avhen  romparcd  with  others  of  the  sandstone- 
components.  From  this  fact,  our  arkose  graywacke  seems  to  ditfer 
somewhat  as  regards  its  origin  from  common  rocks  of  the  same 
name.  The  writer  is  rather  inclined  to  consider  its  components  to 
have  been  derived  from  the  assorted  ejectamenta  of  volcanic  activity 
which  occurred  during  the  Sambagawan  epoch  in  the  same  manner 
as  at  present,  or  even  on  a  grander  scale.  A  similar  deposit  is  now 
being  formed  along  our  shores,  as  may  be  seen  from  the  samples 
of  sand  dredged  up  from  near  the  Marine  Biological  Station  of  the 
Imperial  University  at  Misaki  at  the  entrance  of  the  Bay  of  Tokyo. 
The  younger  eruptives  near  the  Station  being  mostly  non-quartzose 
pyroxene  andésite,  the  dredged  samples  consist  only  of  gi'ains  of  pyr- 
oxenes, and  triclinic  felspars,  the  finer  particles  of  the  ejected  materials 
being  removed  by  the  sorting  action  of  waves.  The  normal  sericite- 
schist  and  epidote-sericite-gneiss  already  referred  to  might  have  been 
changed  from  the  arkose  graywacke-sandstone,  the  latter  having  been 
formed  in  the  manner  just  described. 

Again,  the  chlorite-amphibole-schist  of  the  Middle  Sambagawan, 
alternating  witli  the  graphite-sericite-schist,  seems  to  have  been 
changed  from  the  unsorted,  nuiddy,  volcanic  ejectamenta  deposited  in 
a  shallow  sea,  rather  than  to  have  been  the  product  of  a  r-rushino- 
in  siUi  of  zones  of  the  original  coarse-grained  rock.^)     The  result  of 


1)  Association  of  the  gneissic  and  other  schistose  rocks  with  igneons  masses  and  also  the 
siuiilarity  of  the  mineral  components  in  all  liave  often  been  taken,  not  with  full  justice,  as 
proofs,  that  they  wore  orig-inally  of  the  same  rock-variety  and  have  even  been  said  to 
form  the  same  mass  of  one  geologic  age;  and  this  is  the  current  view  of  lithologists  in  the 
modernage  of  the  theory  of  (U'<loc<iliiiii-)iirt(iiiinrjilil^iji  in  geology.  This  may  be  partially 
true.  But  it  is,  however,  not  !ess  reasonable  to  suppose  that  the  schistose  rocks  might  be 
tuffs  of  igneous  masses  occurring  in  the  vicinity,  and  they  are,  of  course,  respectively  most 
nearly  related  in  mineral  composition.  Tlie  absence  or  presence  of  stratification,  or  folin- 
tion-xtratifieation  can  only  decide  the  case;  but  to  ascertain  which  is  really  developed  in 
individual  cases  is  a  paiustaking  tnsk,  niid  errors  are  apt  to  creep  in  in  such  an  observation, 
giving  rise  sometimes  to  differences  of  view,  not  easily  reconcilable. 
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such  a  crushing  process  is  said  to  bring-  nbont  the  formation  of  an 
apparently  bedded  structure  called  l)y  ]>onney  pseudostromatism.^^ 

Of  late,  Frank  Rutlev, 2)  after  studyino;  carefully,  under  tlie 
microscope,  the  rocks  of  the  mur-h  discussed  region  of  the  Malvern 
Hills,  classified  them  into  a  banded  and  an  luibanded  series,  the 
former  including  the  ditferent  varieties  of  gneiss,  the  latter  gabliro, 
syenite,  and  diorite,  etc.;  and  he  suggested  i\\nt  '^ the  gneissic  rocks  of 

the  Malvern  Hills  may  he  composed  of  the  detritus  of  eruptive  rocks 

he  looked  upon  them  as  beds  of  volcanic  ejectamentay  At  ])resent,  some 
gneiss  and  schists  are  considered  in  Europe  as  well  as  in  America  to 
have  resulted  from  tlie  deformation  (^f  a  complex  mass  of  plutonic 
igneous  rocks,  and  there  is  an  universal  inclination  to  exaggerate 
the  etfect  of  what  is  called  pressure-metamorphisiu.  notably  so  since 
the  appearance  of  the  work  of  Lehmann.^)  Kutley's  view  may  serve 
as  a  check  to  this  tendency.  His  observations  accord  well,  on  the 
whole,  with  those  which  the  writer  has  made  in  studvinsf  the  rocks 
of  the  fSambao^awan  series. 

Lastly,  as  to  the  age  nothing  positive  can  be  said.  The  sericite- 
gneiss  near  Döbeln,  in  Saxony,  is  said  to  be  equivalent  to  the  Cam- 
brian.*) In  the  south-eastern  flank  of  that  Granulite-Mountain,  the 
epidote-am]ihibolite  of  Hainichen,  very  similar  to  that  of  'Japan,  is 
developed  as  a  geologic  equivalent  of  the  northern  series,  which  is 
chiefly  made  up  of  phyllite,  spotted  schist,  sericite-gneiss  and  an 
earthy  graphite-schist  ;  that  is.  the  scMithern  series  in  part  repre- 
sents the  Cambrian  rocks.  In  many  ])arts  of  the  Alps,  some  of 
the  highly  crystalline  schists  are  referred  to  a  special  facies  of  the 
Pala30zoic,  or  even   said   to   be   equivalent   to   the   Triassic.-^)      Our 

1)  Anniversary  Address  of  the  President,  Quart.  Journ.  Geol.  Soc.     yd.  XLTI.  p.  65. 

2)  On  the  Kocks  of  the  Malvern  Hills.  Quart.  Journ.  Geol.  Soc.  for  August,  1887.  p.  508. 
.3)  op.  cit.  p.  107.         4)  Hermann  Creclner  :  Das  sfichi.sche  Granulitgebirge.  p.  58. 

5)  V.  Hauer:  Geologie,  p.  249.  Stur:  Fände  von  Uutercarbonischen  Pflanzender  Schatz- 
larer  S^hichtea  der  Oentralkette  in  den  nordöstlichen  Alpen.  .Tahrb.  Geol.  Reichsanstalt, 
XXXIII.  p.  189. 
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Sambagawan  series  may,  no  rloubt,  be  correlated  with  some  of  these 
European  types  ;  it  is,  therefore,  liy  no  means  safe  to  give  it  now  a 
final  resting  place  in  the  Archaîan  group,  as  has  been  already  done 
by  E.  Naumann. 

In  1885,  Dr.  E.  Naumann,  then  Director  of  the  Geological  Sur- 
vey of  Japan,  laid  before  the  International  Geological  Congress  in 
Berlin,  a  reconnoissance-map  of  the  geology  of  Japan,  in  which  the 
so-called  crystalline-schist  system  seems  to  cover  a  considerable  part 
of  the  map.  But  this  must  now^  be  modified,  as  the  season's  works  of 
last  year  in  the  Island  of  Sikoku,  and  in  Chichibu  have  proved  that 
the  greater  part  of  the  so-called  Archi^an  rocks  in  Japan  is  really 
represented  by  the  Sambagawan  series. 

As  already  mentioned,  the  age  of  the  Sambagawan  series  is 
still  uncertain  ;  therefore  it  is  advisable  at  present  to  give  it  a  special 
position  in  the  cartographical  representation  of  the  geology  of  Japan. 
AVitli  these  remarks  based  upon  microscopic  and  tectonic  investiga- 
tion, the  writer  concludes  now  the  sketch  of  the  Sambag-awan  series 
of  Chichibu,  liy  which  he  hopes  to  give  some  impulses  to,  and  some 
bases  for,  further  observations  and  studies. 


I  take  here  the  opportunity  of  expressing  my  hearty  tlianks  to 
Professors  Dairoku  Kikuchi  and  C.  G.  Knott  for  their  kindness  in 
undertaking  a  laborious  and  time-wasting  work  to  see  the  paper 
through  the  press,  and  also  in  giving  many  valuable  suggestions  and 
additions.  I  am  also  largely  indebted  to  Messrs.  S.  Sekino,  M. 
Okawa,  and  H.  Hirauchi  for  the  preparation  of  the  annexed  plates. 
My  thanks  are  lastly  due  to  the  Geological  Survey  of  Japan  for  the 
free  use  of  the  topographical  map. 


186 


B.     KOTO 


Appendix. 

Notß  1. — The  normal  sericite-schist,  accompanying  the  pied- 
montite-beai'ing  rock,  acquires  now  and  then  a  coarse-lamellar 
structure  ;  and  in  some  case  as  that  of  Yanase  near  Yorii,  a 
cleaved  surface  of  such  a  rock  shows  numerous  green  patches  of  a 
fuchsite-]\ke  appearance.  These  patches,  after  being  taken  off  with 
a  knife-edge  and  mounted  on  the  object-glass,  seem,  under  the 
microscope,    to    consist    of   sericite-lamella?,    together    with    a    large 

numl)er  of  bundles  of 
smaragd-green  needles 
(0.5  mm.  in  length), 
])eautifn]lv  arranged  in 
a  radial  manner  (see  the 
annexed  figure).  Studied  more  in  detail,  each  needle  is  found  to  be 
provided  with  a  median  ridge,  and  extinction  of  light  takes  place 
parallel  to,  and  at  right  angles  with,  that  ridge.  The  pleochroism  is 
distinct,  and  the  deepest  shade  of  colour  is  observed,  when  the  longest 
extension  of  the  needles  is  at  right  angles  with  the  shorter  diagonal 
of  the  lower  nicol.  Crystal-individuals  are  usually  broken  at  a  regular 
distance,  and  the  traces  of  the  planes  of  fracture  meet  with  each  other 
at  the  median  ridge,  making  an  angle  of  about  90°;  this  is  probably 
due  to  the  existence  of  a  plane  of  cleavage  or  gliding  upon  one  of 
the  brachydomes.  By  the  addition  of  a  few  drops  of  hydrochloric 
aoid,  the  green  crystals  are  seen  to  dissolve  readily  with  vivid  effer- 
vescence, and  from  this  fict  as  well  as  from  its  form  and  optical 
properties,  the  mineral  may  be  said  with  certainty  to  belong  to 
nragoniU  (Eisenblilthe).     Cf.  foot-note,  page  93. 
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Explanation   of  Plates   II -V. 


Plate    II. 


This  plate  is  devoted  to  the  illustration  uf  some  of  the  moat 
characteristic  structures  of  the  rocks  and  also  peon  liar  habits  of  the 
minerals  composing  the  Sambagawan  schists. 

Fig.  1. — A  transverse  section  of  the  fßaucophanc-schiü  from  Otaki-san 
near  the  city  of  Toknsima,  in  the  province  of  A^va,  Island  of 
JSikoku.  This  may  serve  as  an  admirable  example  of  an  in- 
ternal flexure  of  schists,  in  which  a  quartz  stratula  of  a  homo- 
geneous appearance  is  intercalated  between  thin  layers  built 
up  of  sericite  and  glaucophane.  The  originally  horizontal 
and  parallel  bands  have  suffered  minute  foldhigs,  simul- 
taneous with  the  mass-motion  of  the  earth's  crust  ;  and  this 
movement  has   brcnioht  about  the  o-runulation  of  the  homo- 

O  O 

geneous  quartz-bands,   as   may  be  seen   m  the  drawing,   es- 
pecially at  the  turning  point  of  the  plicature  (page  85). 

Fig,  2. — Brings  to  view,  how  the  periphery  of  the  felspar-nodules  in 
the  normal  sericite-gneiss  has  grown  together  with  the  quartz 
grains  so  as  to  produce  the  psciido-pcgmatic  structure  ;  this 
figure  also  illustrates  well  the  simultaneous  crystallization  of 
the  quartz,  and  the  marginal  portion  of  the  felspar  (page  88). 

Fig.  S. — Gives  an  instructive  example  of  somewhat  porphyritic  felspars 
in  a  sericite-schist.  Felspars  are  remarkably  rich  at  their 
centres,  in  the  interpositions  of  iron-mica,  iron-glance  and 
rutile,  and  are  fringed  with  green,  lamellar  fibrous  scales  of 
sericite.  The  same  interposition  and  trimming  recur  in  nearly 
all  the  felspars  of  porphyritic  habitus  throughout  the  rocks  of 
the  Sambagawan  series  (page  88). 
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Fig.  4. — A  garnet- rliombohedron  found  in  the  graphite- sericite-schist. 
An  attempt  is  made  to  show  a  peculiar  mode  of  arrange- 
ment of  rutile  needles  within  the  crystal  (page  91). 

Fig.  5. — Is  an  outward  appearance  of  a  polished  specimen  of  the 
typical  spotted  graphite-sericite-schist,  drawn  to  natural  size. 
A  cursory  glance  at  the  figure  reminds  us  of  the  "  Garben- 
schiefer" of  Saxony.  The  interstitial  spaces  are  occupied  by 
black  coarsely  lamellar-fibrous  flakes  of  sericite.  Through 
weathering,  the  rock  acquires  a  brown  colour,  and  appears 
just  like  a  biotite-mica-schist  of  a  common  type.  Under  the 
microscope,  the  green  mica  reminds  us  of  chloritoid,  but  the 
comparatively  low  grade  of  its  hardness  compels  the  writer 
rather  to  refer  it  to  a  green  sericite-like  mineral  (phengite). 

Fig.  6. — The  flecks  of  the  above  schist  are  the  deformed  crystals  of 
felspar,  in  the  combination  of  the  faces  T,  F,  I,  and  y,  as 
shown  in  the  figure.  The  individuals  of  the  felspar  lie  parallel 
with  the  vertical  axis  to  the  plane  of  the  schistosity  of  the 
rocks.  The  plane  of  the  basal  cleavage  shows  a  pearly 
lustre  ;  and  a  few  traces  of  the  cleavage  apparently  parallel 
to  the  clinopinacoid  are  also  discernible  (page  97). 

Fig.  7. — An  irregularly  outlined  crystal  of  the  felspar-dots  already 
referred  to  in  ß.g.  5.  The  figure  brings  to  view  a  most 
peculiar  fluidal  arrangement  of  coaly  dust  ;  the  clear  external 
zone  seems  to  be  formed  by  the  secondary  enlargement  of  the 
felspar  (page  97). 

Fig.  8. — The  most  common  type  of  the  crystals  of  tourmalines  found 
in  the  graphite-sericite-schist,  showing  the  acute,  deeply 
coloured  pole  at  one  end,  while  the  obtuse  termination  is  of  a 
lighter  shade  (page  100). 

Fig.  Pj  a. — Represents  a  case  of  the  parallel  growth  of  two  tourmaline- 


ox  THE  SO-CALLED  CRYSTALLINE  SCHISTS  OF  CU1CHIBÜ.  139 

crystals,  iinJ  Fùj.  9,  h  an  isomorpliic  hiyer-striicture  (page  100). 

Fi(j.  10. — A  general  appearance  of  a  polished  specimen  <>f  the  spotted 
green  schist,  showing  numerous  "eyes"  of  felspar  (page  100). 
Drawn  to  natural  size. 

Fi(j.  11. — Crystalloids  of  epidoie  in  the  spijtted  green  schist.  Forms 
are  various,  some  are  heart-shaped,  wliile  others  are  almost 
elliptical.  Asymmetry  is  the  prevalent  character  of  these 
twinned  crystalloids.  They  are  exceedingly  minute  in  size 
and  appear  under  weak  powers  as  colourless  dots,  rich  within 
the  felspar  •"eyes"  and  in  the  general  mass  of  the  rock 
(page  104). 

Fig.  12. — Crystals  of  titanite.  showing  the  predominating  rhombic 
character  of  their  crystal-faces  (page  105). 

Plate  III  8c  IV. 

In  Plates  III  and  IV,  an  attempt  is  made  to  illustrate  by 
means  of  six  profiles  the  general  stratigraphie  arrangement  of  the 
three  divisions  of  the  Sambagawan  series,  together  with  the  intruded 
masses  of  serj^entines  and  the  overlying  clasto-pyroxenite  and  clasto- 
amphibolite  complexes  of  the  Mikabu  series.  The  sections  are  made  in 
various  directions,  and  nearly  at  equidistant  points,  and  they  all  give 
similar  profiles,  so  the  general  result  arrived  at  as  to  the  stratigraj)hic 
order  may  be  considered  approximately  correct.  The  genuine  crystal- 
line schists  and  gneisses  have  so  far  not  yet  been  observed  in  this 
region.  Details  are  given  in  the  chapter  on  "Profiles"  pp.  119  et  seq., 
so  that  it  is  not  necessary  here  to  append  further  explanatory  remarks. 

A  few  Avords,  however,  need  be  said  in  regards  to  ßg.l,  Fl.  IV. 
This  is  drawn  from  a  polished  specimen  of  an  altered  gabbro  from 
Minano.  The  white  parts  traversed  by  irregular  fissures  represent  a 
dull,  grayish- white  felspar,  probably  hijtuivnite;  while  the  dark-shaded 
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portion  gives  an  approximate  idea  of  the  appearance  of  the  paramor- 
phosecl  portion  of  the  diallage  into  amphibole.  The  hght]y  shaded 
part  (a  in  the  tig  are)  is  that  portion  where,  when  seen  under  the 
microscope,  the  hornblende  sends  out  tongues  and  shreds  of  its  own 
substance  into  the  diallage. 

Plate    V. 

The  map  (as  a  basis  for  \vliich  the  "  Middle  Section  "  of  the 
reconnoissance  map  of  topography  of  Japan,  recently  published  by 
the  Geological  Survey  has  been  used)  giving  the  area  occupied  by 
the  rocks  of  the  Lower,  Middle,  and  Upper  Sambagawan,  together 
with  the  intrusive  masses  of  gabbros,  gabbro-diorites  and  serpentines. 
The  line  OP  indicates  the  main  axis  of  the  anticlinal  ;  while  those 
drawn  across  the  Sambagawan  belt  signify  the  position  of  the  profiles 
given  in  Plates  III  and  IV. 


Abbreviations  of  Geographical  Names. 
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}} 
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}} 
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}} 
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}} 

}} 
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}} 
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}} 
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On  the  Plants  of  Sulphur  Island 

By 
Samurö  Ökubo 

Assistant  Professor  of  Botany,  Tniporial  University. 


The  plants  of  Sulphur  Island  in  the  following  list  were  chiefly 
collected  l)y  Mr.  Shinnosuke  Matsuhara,  who  lately  sul^mitted  them 
to  me  for  determination.  My  friends  Messrs  Yasushi  Kikuclii, 
Nobutoshi  Okada,  and  Ichiro  Shishido,  also  made  some  collections  of 
plants  in  the  island,  which  they  kindly  showed  me. 

Of  the  flora  of  Sulphur  Island,  as  far  as  I  know,  nothin^^;  has  yet 
been  published  ;  nor  have  any  of  us  ever  before  made  an  examination 
of  the  flora.  It  may  not  be  without  interest,  then,  to  publish  this  list 
of  plants. 

The  gentlemen,  named  above,  visited  Sulphur  Island  on  Novem- 
ber 10th,  1887.  They  remained  on  it  only  six  hours  ;  and,  as  each 
had  other  special  work  to  do,  a  very  short  time  only  could  be  spared 
for  collecting  plants.  Consequently  it  is  very  probable  that  further 
search  would  add  many  more  plants  to  the  list  here  given. 

Sulphur  Island  lies  between  latitudes  24°  44'  29"  N.  and  24°  47' 
46"  N.  and  between  longitudes  141°  16' 29"  E.  and  141°  21' 10"  E. 
Its  greatest  length  is  about  5J  miles,  stretching  from  south-west  to 
north-east,  and  its  greatest  width  not  more  than  tw(^.  According  to 
j\Ir.  Y.  Kikuchi,  it  is  an  active  volcanic  island,  consisting  chiefly  of  tufa 
and  basaltic  rock.  The  present  volcano  is  at  the  south-eastern  end  of 
the  island,  and  is  almost  destitute  of  anv  veo-etation.      On  the  north- 
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western  side  of  the  active  volcano  is  a  low  sandy  plain,  chiefly  of  vol- 
canic ashes.  The  plain  is  covered  pretty  abundantly  \yith  such 
plants  as  Vitex  trifolia^  var.  unifoUoIafa,  Cassijtha  filiformis,  Ipomœa 
liescaprœ.  Next  to  this  plain  is  a  plateau,  where  vegetation  is 
most  luxuriant,  consisting  chiefly  of  Scœmla  Kcenigü,  and  Fandanus 
odoratissimus.  Morinda  cUrifolia  grows  also  here.  Some  of  the  com- 
pany found  an  extinct  crater  in  tliis  plateau.  The  whole  island  is 
c|uite  destitute  of  fresh  water. 

The  origin  of  the  vegetation  of  Sulphur  island  like  that  of  other 
oceanic  islands,  must  depend  upon  the  action  of  winds,  currents,  and 
birds. 

As  the  island  is  uninhabited  by  man,  there  is  less  probability  of 
the  plants  having  b3en  introduced  through  his  agen'^y.  Its  principal 
occupants  are  birds,  such  as  Dioviedia  nigripcs,  ProceUaria,  Stda,  Cettia^ 
and  Hii2)sipetes.  There  is. but  one  species  of  mammalin,  Pteropus  psela- 
phon,  which  also  abounds  in  the  Bonin  Islands. 

Tiie  flora  of  the  island  is  very  like  that  of  the  Bonin  Islands. 

MalvacecT. 

1.  Abutilon  Indicum,  Don. 

Coll.     Matsubara  and  Sliishido. 

Tiliacea3. 

2.  Triumfetta  sp.  ? 

Coll.     Matsubara. 

The  specimen  looks  very  like  T.  rhomboidea,  Jacq.,  1)ut  in  the 
absence  of  flower  or  fruit  it  is  impossible  to  decide  as  to  whether  it 
really  is  a  species  of  Triumfetta  or  not. 

Rhamne^e. 

3.  Zizyphus  vulgaris,   Lam. 

Coll.     Matsubara. 
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Sapiiidciccsß. 

4.  Dodonaia  Thunbergiaua,  Eck.  et  Zey. 

Coll.     Matsiibara. 

LeguiniiiüScB. 

5.  Phaseolus  sp. 

Coll.     Shi.shido. 

lUibiacese. 

6.  Morinda  citrifolia,  L. 

Coll.     Kikiichi,  ]\Iatäubara,  Ukada,  and  Shishido. 

Composites. 

7.  Bidens  bipinnatus,  L.? 

Coll.     Matöubara. 

Goodeiioviea^. 

8.  Scaîvola  Kœnigii,  A  ahl. 

Coll.     Kikuclii,  Mat.subara,  and  Okada. 

Primiilaceae. 

9.  Lysimachia  lineariloba,  Hook,  et  Arn. 

Coll.     Kikuclii,  Matsubara,  Okada,  and   Shiühido. 

Convolvultxcesß. 

10.  Ipomoîa  peri-caprœ,  Kotli. 

Coll.     Matsubara  and  Slii.sbido. 

11.  Ipomaîa  «p. 

Coll.     Sliiöhido  and  Matsubara. 

12.  Convolvulus  Japonicus,  Thunb. 

Coll.     Matsubara. 

8olaDuce8e. 

13.  Solanum  biüorum,   Lour. 

Coll.     Kikuchi  and  Okada. 
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Verbeiiact'öe. 

14.  \'itex  trifolia,  L.  var.  unifoliolata,  Schauer. 

Coll.     Kikuchi,  Okada,  Shi«hido,  and  Matsiibara. 

Laurinese. 

15.  Ca88ytha  filiformi^,  L. 

Coll.     Matsubara,  Kikuchi,  Okada,  and  Chishido. 

Euphorl)iacea3. 

16.  Euphorbia  pilulifera,  L. 

Coll.     Matsubara. 

Urticacese. 

17.  Trema  orientalis,  Planch,  var.  arguta.  Max. 

Coll.     Matsubara  and  Shishido. 

18.  Bœhmeria  biloba,  Wedd. 

Coll.     Matsubara. 

OrchidesB. 

19.  Cirrphopetalum,  sp.  ? 

Coll.     Matsubara. 

20.  Lusia  teres,  Blume. 

Coll.     Matsubara. 

Paiidaiiese. 

21.  Pandanus  odoratissimus,  L.  f. 

Coll.     Kikuchi. 

CyperacesB. 

22.  Cyperus  sp. 

Coll.     Matsubara. 

23.  Cyperus  sp. 

Coll.     »Shishido. 
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CrtiniiucfL'. 

24.  Ibcha'iiuiui  .->!>.  ? 

Coll.     Matsubiira  and   bhi.shido. 

Filices. 

25.  Davallia  tcmiifolia,  Sw.  var.  Cliiiieiisi.Sj  Sni. 

Coll.     ]\Iat«ubara. 

26.  J^tcri.s  quadriaurita,  Ketz. 

Coll.     MatsLibara  and  iShishid«j. 

27.  Aspleniinn  Nidus,  L. 

Coll.     Matsubara. 

28.  Nephlolepis  cordifolium,   Sw. 

Coll.     Mattiubara  and   Shishido. 

29.  Xephlolepis  sp. 

Coll.     Matsubara,  Kikuchi,  Okada,  and  Shishido. 
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Bothriocephalus  liguloides  Lt. 
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As  fur  as  we  are  aware,  that  larval  Cestode  parasitic  in  man, 
first  described  liy  Cobljold  as  Li(jula  Mansoni  and  renamed  by  Leuckart 
as  Bothriocephalus  li'juloides,  has  hitherto  been  found  in  only  two  cases 
(Leuckart:  die  menschlichen  Parasiten  des  Menschen.  II  Anfl. 
p.  941-951).  The  one  case  was  that  of  a  Chinaman,  in  whose  corpse 
Dr.  Manson  of  Amoy  found  no  less  than  12  pieces,  one  free  in  the 
pleural  cavity  and  all  the  rest  in  the  sub-peritoneal  connective-tissue 
in  the  region  of  Fossa  iliaca  behind  the  kidneys.  The  other  case 
was  that  of  a  Japanese  and  was  observed  by  Dr.  Scheube,  then  of 
Kyoto  Hospital  and  was  communicated  l)y  him  to  Prof.  LeuHcnrt. 
In  this  case  the  worm  was  discharired  from  the  urethra. 

Of  late  we  have  come  to  know  of  at  least  six  new  cases  of  the 
occurrence  of  Bothr.  liguloides.  Notes  on  them  have  already  appeared 
in  some  medical  journals  written  in  Japanese,  but  we  believe,  no 
apology  is  needed  for  the  reproduction  here  of  the  accounts  of  these 
cases  with  such  additional  remarks  as  susTc^est  themselves  to  us.  The 
six  cases  are  as  follows: 
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Case  I. — Both'.  UfjwhidcR  dmliarged  from  the  vrrlJira.* — We  owe 
the  knowledge  of  this  case  to  the  kind  communication  of  Mr.  K. 
Namha,  a  physician  in  the  province  of  Echigo,  who  also  sent  ns  the 
worm  for  examination.  He  writes  to  the  following  effect  :  the  patient 
was  a  boy,  scrofulous  and  of  weak  bodily  constitution.  When  three 
vears  old  he  suffered  from  frequent  swelling  of  the  scrotum  on  the 
right  side,  consequent  on  inguinal  hernia.  This  complaint  ceased, 
but  after  the  lapse  of  several  years,  when  he  was  nine  years  of  age, 
he  began  one  day  (July  1886)  to  experience  difficulty  in  urination, 
which  had  to  be  done  often  but  only  drop  by  drop.  Two  days  passed 
in  this  way,  when,  while  making  efforts  for  the  passage  of  urine, 
a  tapeworm-like  body  came  out  of  the  urethra  to  the  length  of  about 
10  cm.  On  being  drawn  it  contracted  and  tore  oft'  (to  what  length 
is  n(^t  stated).  On  the  following  day,  the  patient  came  to  j\Ir.  Namba, 
who  put  him  in  warm-bath  and  carefully  wound  out  the  worm,  that 
still  hung  out  of  the  urethral  opening  and  showed  signs  of  movement. 
The  piece  thus  obtained  measured  over  20  cm.  After  this,  the  urine 
passed  unobstructedly  and  an  inquiry  made  many  days  afterwards 
showed  that  the  boy  had  since  felt  in  his  usual  health. 

The  measurement  above  o-iven  must  be  considered  as  üivins:  onlv 
a  fairly  approximate  lengtli  of  the  piece  extracted.  Tl'.3  piece  of  the 
worm  sent  to  us  in  spirit  was  only  8  cm.  long  (/'/V/.  1).  We  do  not 
know  whether  this  piece  is  tlie  whole  that  was  pulled  out  by  Mr. 
Namba.  At  all  events,  luunerous  wrinkles  and  folds  observable  on 
the  surface,  show  that  it  has  greatly  contracted.  Both  ends  are  not 
natural,  so  that  it  was  not  possible  to  determine  whicli  is  the  anterior 
and  which  is  the  posterior  end.  One  eiid  was  greatly  disfigured  while 
the  other  was  deeply  notched  in  the  middle-line  and  plainly  indicated 
that  the  cut  at  this  place  must  have  been  made  when  fresh.     The 

This  case  was  independently  jiublished  by  Murata  in  CJiüuni-Iji-Shimhö.  No.  181.  1887. 
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breadth  of  tlie  piece  ^^•as  fairly  uiiifonn,  at  one  place  measuring  10 
nun.  Tlie  l)(xly  was  flcthy,  reaching  about  1.75  mm.  at  the  thickest 
part  :  its  lateral  edges  were  rounded.  The  color  was  whitish,  slightly 
translucent. 

On  the  one  surface  there  wa«  a  niodinn  depression  rnnninf 
througli  the  whole  length.  It  was  by  no  means  sharply  defined. 
'J'he  lateral  halves  of  the  body  woiv.  for  the  most  part,  more  or  less 
reflected  toward  the  side  on  which  this  depression  lay,  so  that  at  some 
places  the  cross-section  would  present  a  Y-shape.  !N"umerous  wrinkles, 
mostly  transverse,  gave  the  lateral  margin  an  uneven  outline.  The 
specimen  appeared  as  if  it  were  swollen,  but  sections  showed  that 
such  was  not  the  case. 

Case  11. — Jlofhr.  Jifjuhidcii  from  the  itrrflira. —  Igakushi  S.  Saitö  of 
Kyoto  reported,  at  one  of  tlie  meetings  of  KyöN^  Medical  Society,  of 
two  cases  of  tapeworm-like  pai-asite,  which  we  have  recognized  as 
Bothr.  ligulodes.  This  report  was  puljlislied  by  one  of  us  in  Xr.  185 
of  the  Chmfiai-Iji-Shinipö.  One  of  tlie  cases  will  be  described  here 
and  the  other  afterwards  as  Case  A'. 

According  to  Saito's  report,  tlio  patient  was  a  man  (son  of  a 
farmer  in  Sayama  Village,  near  Kyoto),  25  years  (^f  age  and  str(^ng  in 
b(jdy.  Five  years  previously  (1.S82)  he  is  said  to  have  suffered  from 
violent  gonorrhoea,  at  one  period  passing  blood  with  urine.  In  half 
a  year  he  recovered,  but  sometime  afterwards,  the  desire  for  passino- 
urine  began  to  be  frequent,  sometimes  as  much  as  15  or  1(!  times  in  a 
day.  However  it  was  only  by  ij-reat  efforts  that  he  could  discharsfe 
urine.  Besides,  he  felt  now  and  then  itchiiiir  ov  pressin«'  sensations  at 
the  perina^um.  This  slate  continued  until  Oct.  14th  1887,  when, 
while  endeavoring  for  the  passage  of  urine,  a  moving  worm  protruded 
itself  from  the  urethra.    Mr.  Ogino,  a  physician  of  the  village  carefully 
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pulled  it  out  until  it  tore  off  leaving  a  part  »^f  the  body  l)eliind.  The 
piece  obtained  measured  then  2  feet  in  length,  about  6  mm.  at  the 
broadest  and  about  1.5  mm.  a^^  tlie  narrowes!:  part.  For  two  days 
afterwards  tlie  patient  felt  pain  in  passing  urine,  which  moreover  con- 
tained 1)lood.  The  frequent  but  scanty  discharge  of  urine  continued 
lono"er.  When  Saito  examined  him  some  time  after,  the  urine  was 
transparent  and  amiier-colored,  without  precipitate  or  other  al)normality. 

We  do  not  know  what  had  since  become  of  the  piece  of  the  worm 
that  was  left  in  the  urethra  nor  of  the  complaint  in  urination. 

Through  the  kindness  of  l^akushi  Saito  we  were  enabled  to  ex- 
amine the  piece  (_%.  2)  of  the  worm  extracted  hy  Ogino.  It  was  pre- 
served in  spirit,  very  much  twisted,  rather  tougii  and  greatly  shrunken, 
probably  the  effect  of  having  been  thrown  into  strong  alcohol.  It  was 
245  mm.  lonof.  The  one  end  was  torn  and  the  other,  with  which  the 
worm  undoubtedly  first  protruded  itself  from  the  urethra,  was  natural. 
The  latter  was  no  d(mbt  the  head-end.  At  this  end  the  body  had 
very  much  contracted,  farming  in  contrast  t(^  the  long-drawn  part 
that  followed,  a  rounded  disc  about  3  mm.  br<iad  and  about  one- 
tliird  as  thick.  On  its  surfaces  fine  transverse  wrinkles  were  dis- 
cernible and  at  the  middle  of  the  anterior  margin,  there  was  a  small 
but  distinct  indentation,  showing  the  position  of  withdrawn  rosterum. 
r)ehind  this  disc-like  portion,  the  body  was  very  thin,  almost  thread- 
hke  (1  mm.  in  breadth)  for  some  distance  and  then  gradually  broadened 
toward  the  hind  end.  where  it  was  thin  ;md  measured  aliout  o  mm. 
in  breadth.  Transverse  wrinkles  were  especially  abundant  near  the 
maro'in  and  numerous  lono-itudinal  ones  in  the  median  i)ortion.  At 
some  plar-es,  rhree  longitudinal  grooves  (one  median  and  two  lateral 
on  tiie  one  siu'faoe  and  two  (lateral)  on  the  other,  were  more 
prominent  than  (ùhers.  In  view  of  the  shrunken  state  of  the 
specimen,  n<nm])orhmce  ran  be  attached  to  these  grooves. 
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Case  III.  —  Bothr.  lifjuloiiks  fruiu  ihr  turllira. — Tlii.s  case  wa.s  ul)- 
served  by  Mr.  To} oda,  a  .'ï[)ueialiat  in  lu'lmiiiLhiasl.s  in  Kyoto.  lie 
has  published  a  note  of  tlie  case  in  Iji-U ijoron.  \i-.  2.  1888. 

The  patient  was  a  citizen  of  Osaka,  12  years  old.  On  the  morn- 
ing of  May  8th  188-1,  he  began  to  disscharge  Mood  with  urine,  and  in 
the  afternoon  a  white  worm  appeared  from  the  urethra  wliile  urinal - 
inij".  Tovoda  was  immediatelv  e;illed  for.  lie  succeeded  in  iiiillin"' 
out  the  worm  entire.  This  measured  alxMit  olJl  mm.  in  Jength  and 
about  \2  mm.  in  breadth.  l*ut  in  a  vessel  (with  water?)  it  continued 
to  contract  and  stretch  and  nio\e  about  for  ncarlv  two  hours.  It  was 
then  put  into  glycerine  for  preservation.  As  ihe  woi-m  was  new  t(j 
Toyoda,  he  tried  various  means  to  identify  it  l)nl  in  \ain. 

As  we  read  Ids  note,  there  was  scarcely  an\-  douljt  as  to  the 
identity  of  the  worm  with  lîothr.  liuuloides.  \n  compliance  with  (,)ur 
request,  Toyoda  has  kindly  sent  us  the  specimen  for  inspection. 
Exammation  of  it  showed  the  correctness  of  our  assumption. 

The  specimen  (in  glycerin)  is  tleshy  and  well  preserved  but  had 
been  colored  by  carmine  and  oit  open  at  some  places,  probably  in 
attempt  at  dissection.  It  is  lîgured  in  Fuj.  o.  The  length  Avas  about 
105  mm.  and  the  greatest  breadth,  0.5  nun.  Both  ends  are  natural 
so  that  the  diminution  in  size,  as  compared  with  Toyoda's  measure- 
ment, is  entirely  due  to  contr.iction.  Tiie  bodv  was  narrower  near 
one  end  than  the  other.  The  narr(jwer  end  was  no  doubt  the  head, 
the  configuration  of  which  could  not  howevei'  be  definitely  ascertained 
on  account  of  an  lud'ortunate  cut  at  this  j)lace.  'Idie  broader  hind-end 
showed  a  shallow  indentation  at  the  ndddle-line. 

The  two  surfaces  presented  the  folh)wiiiii'  ditference,  distinctly 
for  the  most  part.  The  one  surface  had  a  distinct  depression,  runninü* 
longitudinally  at  the  median  line.  Most  of  the  irregidar  transverse 
depressions  proceeded  from   this  median   line  (see   tiie  upper  part  of 


154  I.  IJIMA  AND  K.  MUKATA 

Fig.  3).  The  other  surface  (the  lower  part  of  the  same  figure)  was 
divided  into  three  longitudinal  areas  (one  median  and  two  lateral)  of 
about  equal  breadth,  by  two  lines  of  shalh^w  depression.  The  dis- 
tinctness of  these  areas  was  brought  forth  more  by  the  fact  that  the 
lateral  areas  greatly  bulged  out  in  comparison  with  the  median,  than 
by  the  presence  of  those  grooves.  Moreover  transverse  constrictions 
were  to  be  found  mostly  on  lateral  areas. 

Case  ;IV. — Both'.  Uguloldes  from  the  eije. — This  case  has  been 
kindly  communicated  to  us  by  léakushi  R.  Sato  of  Utsunomiya, 
He  also  placed  the  worm  at  our  disposal.  It  was  preserved  in  spirit, 
25  mm.  long,  narrow  (1.5-4  mm.)  and  fiat.  It  was  very  much 
twisted  and  shrunken  up,  but  microscopical  investigation  left  no  doubt 
of  its  beino-  Bothr.  li^-uloides.  The  one  end  was  cut  and  the  other 
broken  into  shreds. 

As  to  its  oriii'in  Sato  informs  us  that  it  was  at  the  end  of  1883 
when  he  came  across  a  patient  with  blepharitic  symptom.  He  was 
a  young  luan,  17  years  of  age,  living  at  Kanazawa  in  Province  Knga, 
where  Sato  then  resided.  (En  Chiaijai-lji-Shimpö,  No.  181,  in  which 
one  of  us  published  a  note  of  this  case,  it  was  stated  by  mistake  that 
the  locality  was  Utsunomiya).  The  affected  place  was  the  region  of 
the  inner  angle  of  the  left  eye.  At  this  place,  not  only  the  eye-lids 
but  also  a  part  of  the  C(jnjunctiva  around  the  Plica  semilunaris  was 
in  a  state  of  severe  inflammation.  At  a  spot  just  over  the  Caruncula 
lachrymalis,  Sato  observed  a  whitish  spot  which  seemed  to  protrude 
itself.  This  was  taken  hold  of  by  a  pincette  and  pulled  out,  when  it 
proved  to  be  the  worm  in  question. 

Case  Y. — Botlw.  Ivjulokles  from  the  eye. — We  know  one  more  case 
in  which  the  parasite  was  located  in  the  orbit.     For  information  and 
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the  speciiiR'ii,  we  are  indebted  to  léakushi  Saitö  (nee  Ca.se  II). 

The  patient  was  a  girl,  15  years  old,  Hviiig  at  or  near  Kyoto. 
On  March  lOrli  1875,  a  \esicle-like  protuberance  formed  itself, 
without  any  assignable  cause,  on  the  white  of  the  left  eye,  mid- wav 
between  the  cornea  and  tlic  outer  angle.  Tiirec  days  after,  a  j)hvsician, 
Mr.  Shingû,  examined  and  found  it  to  be  id)out  of  the  size  of  the  tip 
of  little  finger,  soft  and  white,  s(3mewhat  resembling  cod-ovarv  in 
appe:irance.  In  two  hours,  he  observed  an  elongated  mucaroni-like 
body,  which  on  being  slowly  pulled  out  was  found  to  Ije  a  worm. 

The  parasite  (in  spirit)  has  been  tolerably  well  preserved.  Length, 
120  mm;  breadth  Ö-  G  mm.  It  is  represented  in  fuj.  4,  in  natural  size. 
The  hind  end  (the  lower  end  in  the  figure)  is  not  natural,  having 
been  apparently  torn  in  the  fresh  state.  Near  the  head-end,  the  body 
is  broadened  and  terminates  round,  but  with  an  invagination  at  the 
apex.  A  nundjer  of  transversal  and  longitudinal  rugie  were  found  as 
usual.  On  the  greater  part  of  the  one  surface,  we  notice<l  the  divi- 
sion into  three  reoions  bv  two  lon"-itudinal  orooves  as  described  in 
the  worm  of  Case  III.  For  some  distance  there  was  also  a  distinct 
median  groove  in  the  nu'ddle  region.  The  sj)ecimen  was  cut  into 
sections  (Figs.  6  <0  6'),  of  which   we  shall  have  to  speak  later  on. 

Case  M\.—Büflir.  lùjukndesfroin  the  suhcutaneuiis  tisane  of  the  thvjh. — 
This  case  relates  to  a  soldier  belonging  to  the  Xagoya  Garrison,  The 
parasite  w^as  extracted  by  ^Ir.  S.  Nagao,  Army  Medical  Ofiicer,  who 
not  only  supplied  us  with  the  following  information  but  also  kindiv 
permitted  us  to  prepare  sections  from  his  specimen. 

Tlie  patient  was  a  native  of  Tovama.  in  the  Province  of  Etchiu. 
In  the  summer  of  liis  fifteenth  year  of  age,  that  part  of  the  right 
leg  just  above  the  knee-joint  on  the  inner  side  swelled,  without  anv 
ap[)arent  reasc^n  f(jr  it.      In   the  interior  of  the  swellinu"  a  hard  mass 
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was  to  be  felt.  There  was  no  {)ain.  It  wu.s  .sonieliow  treated  by  a 
local  pli ysiciaii  and  disappeared  in  about  lU  days.  A  year  after,  tlie 
swelling  reappeared  at  the  .same  place  but  again  subsided  in  about 
the  same  len^'th  of  time.  From  this  time  until  his  enlistment  in  the 
XaLTova  (f arris: )n.  the  same  swellin"'  often  recurred,  invariably  during 
summer.  The  patient  did  not  definitely  remember  if  it  took  place 
everij  year  or  if  there  were  years  in  which  it  did  not  occur.  The  enlist- 
ment was  in  Mav,  1885.  In  July  of  the  same  year,  the  usual  swelling' 
appeared  on  the  inner  side  oï  the  lower  one-third  of  the  right  thigh. 
\t  was  observed  that  the  swelling  shifted  its  position  up  and  down  by 
itself  to  a  small  extent.  It  caused  no  trouble  and  soon  disappeared. 
The  next  year  passed  without  the  appearance  of  the  swelling.  lUit 
in  1887,  at  the  beu'inninu'  of  duly,  the  swellini»'  manifested  itself  this 
time  at  Scarpa's  triangle.  It  did  not  at  ail  interfere  with  the  patient's 
general  health  and  dispersed  in  a  few  days.  In  September  of  the  same 
year  the  swelling  reappeared  on  the  inner  side  of  the  middle  of  the 
thigh.  As  it  gaye  him  pinchirjg  pain,  Mr.  Nagacj  was  consulted.  The 
Jatter  found  a  hard  mass  of  the  size  of  a  list,  situated  in  the  subderuud 
tissue  at  the  aboN'e-mentioned  spot.  It  could  be  shifted  to  a  certain 
extent.  The  surrounding  tissue  was  inflamed  and  swollen.  Attempts 
were  made  to  test  if  it  contained  anvthini!"  obtainaljle  bv  means  (jf  in- 
serted  syringe,  but  in  vain.  Iodine-tincture  was  administered  for 
about  40  days.  This  had  no  desired  etfect  ;  on  the  contrary,  the 
swelling  enlarged  and  the  pain  increased  to  such  a  degree  as  to  make 
the  [»atient  incapable  of  performing  his  duties.  He  was  then  taken 
into  the  hospitaJ.  Carbolic-acid  water  was  injected  into  the  swollen 
tissue  and  cold  wrapper  applied.  In  5  days  there  was  indication  of 
suppuration  and  s<j  a  warm  wrapper  was  substituted  for  the  cold.  In 
•1  days  more  tlie  swelling  suppurated  and  was  cut  open.  Together 
with  thin  pus  the  worm  described  below  came  out  of  the  pus-ca^  ity. 
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The  latter,  situated  in  the  suhontaneons  tissue,  was  traverserl  by 
trabeculne  of  connertivo  tissue  in  varions  tdirections.  The  Avnll  of  the 
cavitv  was  at  some  phices  smooth,  as  if  lined  by  serosa. 

The  worm  is  nndouhtedly  l>othr.  lignloides.  The  specimen  (in 
spii'it)  was  about  88  mm.  long  and  3.5  -  fi.o  mm.  l)ri^ad.  The  head- 
end is  represented  \\\  fuj.  5,  twicemagnitied.  The  other  end  was  torn. 
The  involution  at  the  front  apex  was  distinct.  Nmnerons  irregular 
furrows,  both  transversal  and  longitudinal,  were  present  as  usual. 
Of  longitudinal  furrows,  the  two  that  divide  one  of  the  surfaces  into 
three  longitudinal  areas,  were  unmistakeal)ly  recognizable  (see  ^<V/.). 
When  fresh,  the  body  was  soft  and  translucent. 

The  removal  of  the  worm,  which  was  undoubtedly  the  cause  of 
the  almost  annual  swelling,  took  place  just  nine  years  after  this 
occurred  for  the  first  time. 


To  the  above  six  cases  we  might  add  one  more  which  however 
couhl  not  be  tested  ])y  us.  Once  during  the  dissection  of  a  subject  in 
the  Anatomical  Institute  of  the  Universitv,  Dr.  Disse  found  a  worm 
imbedded  in  the  subcutaneous  connective-tissue  of  the  h'ft  ino-uin:d 
region.  According  to  our  iiiformant,  Mr.  Takesaki  of  the  ])athoIogical 
Institute,  wlio  was  the  eve-witness  of  tlie  disroverv,  the  worm  was 
about  one  foot  and  a  half  long  and  tapeworm-like  hut  unsegmented. 
It  was  new  to  Disse.  Takesaki,  whom  we  have  shown  specimens  of 
Ijorhr.  liguloides,  believes  that  it  was  the  same  WDi-ni.  It  is  said 
that  the  worm  was  preserv(Ml.  but  unfortunateK-  it  coidd  nowhere  be 
found. 


AVe  have  then  before  us  n\  least  7  sui'c  cases  (the  cmsc  of  Scheube 
inclusive)    of  tlie    occurreiK'c   of   jîi^fhr.    liguloide<    in    J;i])an.       The 
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pntient  of  Scheube  was  infected  presamably  in  Kiashiii  (see  Lt.).  Of 
the  six  cases  mentioned  by  us,  two  occared  at  Kyoto  and  the  rest  at 
Osaka,  Kanazawa,  Tovama  and  Province  Echio-o  respectively.  This 
justifies  us  in  believing  that  the  parasite  has  a  very  wide  distribution 
throu2fhout  the  whole  country.  We  inav  further  rssmue  tliat  special 
research  in  this  direction  would  show  th.'it  the  parasite  is  by  no  means 
so  rare  as  it  seems  to  be. 

According  to  Prof.  Leuckart  the  real  seat  of  the  worm  is  the 
connective-tissue  as  was  found  in  Manson's  case.  This  is  fully  borne 
out  by  the  case  in  which  the  worm  was  found  in  the  subcutaneous 
tissue  (Case  W)  and  also  by  the  two  cases  in  which  it  was  located 
evidently  in  the  connective-tissue  space  around  the_^ eye-bulb  (Cases 
\\  &  Y.) 

Leuckart  made  it  highly  ))robable  that  the  worm  has  the  power 
of  changing  its  position — of  moving  through  tissues  to  a  certain 
extent.  Three  of  the  cases  just  mentioned  put  this  beyond  doubt.  In 
two  cases  (I\'  k  A^)  namely,  the  Avorm  was  found  \c  have  pierced  the 
conjunctiva  and  to  protrude  itself  and  in  one  case  (VI),  the  periodical 
swelling  of  the  thigh,  evidently  caused  by  the  presence  of  one  and 
the  same  worm,  was  found  to  vary  in  position  almost  everytime  it 
appeared,  bet-ween  the  part  just  above  the  knee  on  tlie  inner  sirlo  and 
the  Scarpa's  triangle.  It  Avas  moreover  observed  that  the  swelling 
changed  its  position  of  its  own  account  during  its  existence. 

finder  such  circumstances,  Leuckart's  exjilanation  of  the  exit  of 
the  worm  from  urethra,  that  it  had  secondarily  bored  its  way  into  the 
urinary  apparatus,  requires  no  additional  evidence  to  pnn^e  its 
correctness. 

All  the  known  cases,  except  the  two  in  which  the  parasite  was 
found  in  the  orbit,  tend  to  show  that  it  is  mostly  located  in  the 
lumbar  or  the  ]ielvic  region.     The  entrance  into  the  urinary  organ 
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la  eftected  ])r()b;ibly  after  the  worm  has  ac(|uirecl  a  considerable  .size. 
The  wandering  into  the  orbit  must-  liave  taken  phice  when  it  was  yet 
of  small  size,  but  whether  as  ho(^ked  embrvo  or  as  small  larva  it  is 
dithcult  to  sav. 

.  As  to  how  lonif  the  parasite  mav  exist  in  the  liuman  b«jdv,  we 
cidl  attention  to  case  \  1,  in  which  a  worm  caused  the  periodical 
swelling"  of  tissues  for  nine  years.  In  this  connection  it  is  to  be  noted 
that  Scheube's  patient  suitered  hiemtituria  more  than  live  years  Ijefore 
the  discharge  of  the  worm  from  the  uretlira.  In  cases  I  and  II 
either  the  swelling  of  the  scrotum  (said  to  be  the  consequence  of 
inguinal  hernia)  or  gonorrhœa  (?)  with  hœmaturia  occurred  five  or 
six  years  previous  to  the  discliarge.  It  is  of  course  impossible  to  say 
what  relati<)n,  if  any,  existed  between  these  symptoms  and  the  worm 
in  these  three  cases. 

The  preserved  and  much  contracted  specimens  that  came  to  our 
view,  do  not  allow  anything  definite  to  be  stated  of  the  configuration 
of  the  larval  cestode  in  (piestion.  The  head-portion  of  the  worm  iv- 
preseuted  in  %.  4  has  been  cut  into  horizontal  sections,  one  of  which 
is  shown  in  ti<j.  6.  The  involution  of  the  apex  appeared  in  such  sec- 
tions as  a  narrow  branched  indentation,  which  was  not  \ery  deep. 
Neither  the  papilla-like  ;ij)i(al  projection  seen  by  Leuckart  (the  partly 
evaginated  head)  nor  the  two  grooves  characteristic  of  liothric^cephalus, 
were  obser\  able  in  any  of  the  specimens.  The  lu'oadening  near  the 
anterior  end  is  a])parently  the  result  of  contraction.  In  general  the 
bodv  seems,  to  iud^'e  fn^m  what  we  have  seen,  to  broaden  graduallv 
toward  the  posterior  end  (  /ïV/.s  r^-ô). 

The  numerous  wrinkles  and  folds  (jn  the  surface  are  undoul)tedly 
the  effects  of  contraction  and  of  tlie  preserving  Huid.  Whether  the 
one  or  two  more  or  less  prominent  longitudinal  grooves  or  deju'es- 
sions,  which  we  have  taken  notice  of  in  our  descrij)tion  of  specimens, 
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are  to  be  looked  upon   in   the   same  light  (as  Leuckart  does)  or  not, 
we  are  unable  to  say. 

We  have  studied  the  finer  structure  of  the  worm  by  sections  cut 
from  five  specimens,  but  we  cannot  add  anything  of  importance  to 
what  is  already  known  from  the  investigations  of  Prof.  Leuckart. 

The  cuticula  covers  the  entire  surface  of  the  worm.  It  is 
homogeneous,  thin  but  sharply  defined,  and  does  not  stain  with 
carmine. 

Like  other  Vermes  there  is  immediatelv  beneath  the  cuticula  a 
system  of  fine  circular  and  longitudinal  fibers  (ßg.  7,  on  the  right 
side).  Circular  fibers  run  externally  to,  but  in  close  apposition  with, 
longitudinal  fibers.  In  both  layers,  the  fibers  run  isolated  and  parallel 
with  one  another.  Longitudinal  fibers  could  distinctly  be  seen  in 
cross-sections. 

With  respect  to  strongly  develo]jed  bundles  of  longitudinal 
muscle-fibers  as  well  as  those  isolated  fibers  that  riui  in  all  directions 
through  the  mesenchyma,  we  have  found  just  the  condition  as 
described  by  Prof.  Leuckart,  except  that  we  have  failed  to  recognize 
the  especially  thick  grouping  of  muscle-bundles  along  the  course  of 
lateral  nerve-trunks.  Anteriorly  the  muscle-bundles  concentrate 
themselves  t(nvard  the  circumference  of  the  involuted  head  {ßg.  6), 
just  in  the  same  wsiy  as  we  see  it  in  the  larva  of  Pothr.  latus. 

As  was  pointed  out  by  Leuckart,  the  number  of  excretory 
vessels  to  be  seen  on  cross-sections  is  very  great.  Those  running  in 
the  neiofhborhood  of  lateral  nerve-trunks  are  of  much  larguer  caliber 
than  those  in  the  peripheral  or  the  median  part  (see  ßg.  8).  In 
sections  of  the  head-part  (ßg.  6),  we  have  met  Avith  but  a  very  few 
number  of  small  vessels. 

Larval  Cestode  (Sparganum)  resembling  the  human  Bothr. 
liguloides  was  found  by  us  in  Inuus  speciosus  as  well  as  in  Mustelus 
itatsi,  but  we  reserve  its  description  for  a  future  opportunity. 
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P.  S. — Sin^e  the  above  note-^  were  in  type,  we  were  favored  I))' 
Mr.  K.  Takaliaslii  of  the  Metlh-al  College  with  fjllowing  inf  )rinalionH, 
whicli  we  will  here  add  as  : — • 

Case  VII. — Boflir.  lujuJoides  from  the  Pije. — Tlie  pntieiit  was  a  glH, 
eleven  years  old,  native  of  Ko-aiki  Village  in  tlie  province  of  Küzuke. 
In  Spring  of  last  year  she  suffered  from  ronjimctivitis.  From 
January  (^f  this  year,  the  nj)per  eye-lid  of  the  left  eye  began  to  swell 
and  redden  with  intervals  of  rom])arative  repose.  Even  during  such 
an  interval,  tlie  eye-lid  seemed  to  be  somewhat  thicker  than  usual. 
On  ]\Iarch  IGth,  during  a  school-exereise  she  felt  pain  in  the  e^'e,  so 
that  she  was  compelled  to  return  home.  However  the  pain  soon 
subsided  and  the  next  morning  she  was  able  to  attend  the  school. 
On  19th  a  swelling'  was  noticed  on  the  eve,  "which  was  inATstiufated 
by  ]\Ir.  Hagiwara,  a  physician  in  the  town  of  Mayebashi.  According 
to  him,  the  swelling  was  of  the  size  of  a  small  bean,  was  situated 
on  the  eve-bulb  beneath  the  coniuncti  va,  showed  no  siu'ns  of  infiam- 
mation  and  could  be  shifted  for  a  certain  extent.  On  cutting  the 
eonjunctivîi  open,  a  worm  protruded  itself.  It  was  then  drawn  out 
by  means  of  a  pincette,  during  which  process  the  patient  felt  a  slight 
pain.  It  seems  that  the  worm  was  orisfinallv  situated  in  the  reoicm 
of  the  Fornix  of  the  upper  eye-lid  but  had  changed  its  position  so  as 
to  come  ])eneath  the  conjunctiva  bulbi. 

The  extracted  worm,  shown  us  by  Takahashi,  was  about  2o  mm. 
long  (in  spirit).  Without  doubt  it  was  only  a  part  of  the  entire 
worm.  The  greater  ])art  of  the  specimen  was  split  lengthwise  into 
two  parts.  The  liead-end  was  present.  It  had  just  the  configuration 
as  represented  in  our  %.  4  or  5^  but  measuring  only  2  nun.  in  breadth. 


162 


I.  IJIMA  AND  K.  MUEATA 


Explanation  of  Figures  (PI.  V  bis.} 


Fig.  ]. — A  piece  of  Bothriocophalds  lif^uloi^le.s  in  nleoliol  (Case  I). 

Nat.  size,     a  represents  tlie  sliape  of  one  of  tlie  cross-sections 

of  tlie  piece. 
Fig.  2. — l)Othr.  lignloides  in  nlcoliol   (Case   IF).     Nat.   size.     Very 

m  neb  slirunken.     Aliove  is  the  head -end. 
Fig.  3. — Bothr.  lignloides  in  glycerine  (('ase  III).     Nat.  size.     The 

liead-end  is  above,     ü,   supposed   sliape  of  its  cross-section. 

Here  and  there  lono'itiidinal  cuts  on  the  body. 
Fig.  4. —  P>othr.  liguloides  in  alcohol  (Case  Y).     Nat.  size,     r/,  <nit- 

line  of  a  cross-section  near  the  hind  end. 
Fig.  ^). — Anterior  part   of  a    l>othr.    liguloides    (Case   VI).     Twice 

magn.     Treserved  in  alcohol,     a^  its  supposed  cross-section. 
Fig.  G. — A    horizontal    section    of  the    head-])art    (^f  the   worni   re- 

iiresented  in   fig.  4.     Colored   by   borax-carmine.     About    10 

times  magn.     Outlined  by  means  of  Camera  lucida. 
Fig.   7. — l^eripheral  jiart  of  the  body  of  lîothr.  lig.  (////.  i)  stripped 

off,  seen  from  inside.     Drawn  witluuit  the  use  of  Cam.  Inc. 

mes  =  mesenchyma,  runs  =  bundles  of  muscle- fibrils. 
Fig.  8. — l^art  of  a  cross-section  of  the  same  worm.     About  87  times 

magn.;  stained  with  borax-carmine.     vi,  ni  —  the  median  jilane. 

11,  /I  =  the  two  nerve-trunks  in  section,     .r,  //  =  spaces  produced 

by  the  tearing  of  mesenchyma.     fJross-sections  of  numerous 

excretory  vessels  (ex)  and  of  strongly  colored  muscle-bundles 

(nius)  arc  to  be  seen. 
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I'ao-e     60,     6th  line,  for  0-01  and  0-04  read  O'l  and  0-4. 
14tli     „       „    90    read  0-9. 
24tli     „      „    0-05   „     0-5. 
26th     „      „    0-06   „     0-6. 
71,  27th     „      „    0-76   „     0-96. 

144,  4th     „       „  pescapree  read  Pes-caprte. 

145,  No.   10      „  pes-caprœ  „     Pes-capne. 

146,  No.   15       „  Chi.shido    „      Shishido. 

147,  No.   28  and  No.  29  for  Nephlolejû.s  read  Nephrolepis. 


11 
11 
11 
11 
11 
11 
11 
11 
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account  is  reproduced,  very  much  in  his  own  words,  in  Section  III  of 
the  present  paper.  That  Section,  therefore,  is  peculiarl)^  Mr.  Tanaka- 
date's  contrihution.  For  the  rest — tlie  coin])ining'  of  the  observations 
by  the  method  of  Least  Squares,  tlie  preparing  of  the  Charts,  etc. — 
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Errata. 

Pa^e  170,  lltli  line  from  bottom,  f.jr  "  2()(h  "  read  "  22ud  " 
„     186,     8rh    ,,       ,,     l)ottom,  ,,    "in"         „      "is." 

Specimen    Page    opposite    page     190,     line    marked     (12),     for 
"  Log.  V3//H"  read  "  Log.  V17  H." 

I^ige  U)2,  lOili  line  from  t<jp,  for  "  YalirI)Li(-h"  read  '•  Jalirl>iirli." 
,,     216.  13ih    ,,        ,,        ,,      f  )r  "  Spicn  "  rend  "  Arctni-us." 
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a  fidl  account  of  his  in.sti-uments  and  modes  of  operation.  This 
account  is  reproduced,  very  much  in  his  own  words,  in  Section  III  of 
the  present  paper.  That  Section,  therefore,  is  ]iooidiar]y  'Mv.  Tanaka- 
date's  contribution.  For  tlie  rest — the  combininu'  of  the  observations 
hy  the  method  of  Least  Squares,  the  preparing  of  tlie  Charts,  etc. — 


A  Magnetic  Survey  of  all  Japan 

carried  out, 

by  Order  of  the  President  of  the  Imperial  University, 

by 

Cargill  G.   Knolt,   D.  Sc.  (Edin.),  F.  R.  S.E.,  Professor,    and 

AikilSU  Tanakadale,  Assistant  Professor  of  Physics, 

Imperial  University,   Tölcyö,  Japan. 


With  Plates  VI -XV. 


Prefatory  Note: — In  tlie  Summer  of  1887,  tlie  Im)x^rial  Univer- 
sity of  Japan  at  last  saw  its  wa}'  to  carry  into  effect  a  proposal  which 
liad  ])een  made  l)y  me  some  years  previously.  Along  with  ]\Ir. 
Tanakadate  and  Messrs.  Nao'aoka  and  Tmag^awa,  T  was  arcordino-]v 
instructed  by  the  President  of  the  University  t<^  make  a  Magnetic 
Survey  of  all  Japan  within,  if  possible,  an  interval  of  two  and  a  hall 
or  three  months. 

I  regret  exceechngly  that  in  the  preparation  of  the  account  which 
follows  [  have  not  had  the  continued  assistance  of  ^Iv.  Tanakadate. 

Before  setting'  out  f  )r  Scotland  in  January  of  this  year,  however, 
that  gentleman  left  his  own  observations  all  but  reduced,  along  with 
a  hdl  account  of  his  instrumeiits  and  modes  of  operation.  This 
account  is  reproduced,  very  inuch  in  his  own  words,  in  Section  III  of 
the  present  paper.  That  Section,  therefore,  is  peculiarly  Mr.  Tanaka- 
date's  contribution.  For  the  rest — the  combining  of  the  observations 
by  the  method  of  Least  Squares,  the  preparing  of  the  Charts,  etc. — 
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I  am  alone  responsible.  As  a  check  upon  my  own  calculations, 
Messrs  Asliino,  llirayama,  Knno,  and  Kimnra,  gradnnting  students  in 
Astrc^nomy,  Mathematics,  and  I'hysics,  kindly  went  through  the 
labour  involved  in  combining  the  observations  by  the  method  of 
least  sf[uares.  ]\Iessrs  Nagaoka  and  Imagawa  have,  of  course,  always 
been  at  hand  and  have  rendered  most  efftcient  aid  throughout  the 
whole  process  of  reduction.  To  Mr.  Nagaoka  especially  are  my  best 
personal  thanks  due  for  the  many  ways  in  which  he  has  lightened 
mv  labours. — C.  G.  Knott. 


Arrangement  of  Matter. 

The  Paper  is  di\'ided  into  Five  principal  Sections,  as  follows: 
Section  J. — Historic  Retrospect  and  General  Description  of  the 

Aim  and  Methods  of  the  Present  Survey. 
Section  IT. — Particular    Account  of  the  Erpiipmont  and  Modes 

of  Operation   of  the  Northern  Party. 
Section  HI. — Particular  Account   (^f  the  Erpiipment  and  diodes 

of  Operation  of  the   Southern   Party. 
Section  TV. — Final  Reduction  of  the  Observations  and  General 

Conclusions. 
Section   P.— Comparison    of    Results    with    those    of    previous 

Observers. 

Section    I . 

The  earliest  determination  of  any  of  the  magnetic  elements  in 
Japan  was  probal)ly  made  by  Inô*  about  the  beginning  of  the 
present  century.      In  all  the  charts  which  were  at  that  time  made  by 


*  This  Inö  was  certainly  a  reuiarka))le  man.     As  an  Apppndix  to  the  present  Memoir  T 
give  a  short  liiography. 
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him,  he  represents  the  magnetic  north  as  being-  identical  with  the 
true  geographical  north.  Dr.  Naumann,  in  a  paper  on  secuhu* 
changes  of"  magnetic  dechnation  published  in  the  Transactions  of  the 
Seismological  Society  of  Japan  (\  ol  V,  1883),  has  given  an  interest- 
ing discussion  of  some  of  Inö's  bearings,  which  seem  to  diiter  from 
the  true  bearings  by  amounts  that  can  be  explained  only  on  the 
supposition  of  considerable  local  magnetic  deviations.  That  the 
average  value  of  the  Declination  over  Japan  in  Inö's  days  was  zero 
is  no  doubt  true  ;  but,  by  assuming  his  magnet  to  point  always  true 
north  and  south,  Inö  appears  to  have  fallen  into  appreciable  error 
in  laying  down  the  positions  of  certain  of  the  mountains  in  north 
Japan.  Inö  began  his  geographical  survey  of  Japan  in  1800  A.  D. 
and  finished  it  in  1818. 

In  18G0  Mr.  Arai,  the  present  superintendent  of  the  Meteoro- 
loo^ical  Office,  measured  the  maunetic  declination  at  a  localitv  in 
Yedo  (nijw  Tokyo)  and  found  it  to  be  3°  11'  AVest.  In  18<S:^  a 
second  determination  by  the  same  gentleman  gave  the  value  4°  24.'  W . 
From  these  two  determinations  we  find  by  a  simple  calculation 
that  the  mean  secular  variation  of  manMietic  declination  during 
the  interval  was  3'.  3  per  annum.  If  we  assume  this  rate  to  hold 
throughout  the  century  we  find,  on  reckoning  either  from  1882 
or  1860,  that  the  year  <jf  zero  dechnation  was  1802.  This  year  falls 
within  the  ])eriod  during  which  Inö  made  his  survev  ;  and  the 
concordance  between  the  \arious  observations  is,  to  say  the  least, 
strikin"'. 

a 

In  1880,  Mr.  Otto  Schutt  of  the  Geological  Survey  Department 
made  a  series  of  observations  (jf  all  the  elements  at  certain  stations 
in  the  south  easterly  part  of  Ja])  in.*      His  furrliest  north-west  point 


*  "  FAn  Bvitnuj  zur  Kenntni^s  der  Magnetischen  Eni  Kraft''  imhlished  in  the  Mittheiluiiijen 
der  Deut>>clien  Gesellschaft  für  Natur  und  Völkerkunde  Ostasiens  (22tüs  Hest.  1880). 
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was  Oiwake  at  the  base  of  Asama  Yama  ;  while  fully  half  his  stations 
lay  on  a  route  encompassing  Fuji  Yama.  At  these  latter,  however, 
only  the  Declination  seems  to  have  been  measured.  The  observations 
bring  out  very  markedly  the  disturbing  effect  of  volcanoes  upon  the 
magnetic  cliaract eristics  of  any  district.  The  horizontal  forces 
measured  by  Mr.  Schutt  appear  to  be  on  an  a\'erage  about  2  per  cent, 
greater  than  the  values  indicated  by  the  observations  of  the  present 
survey, — a  difference  which,  surely,  must  be  due  to  instrumental  error. 
From  March  16th  to  August  20th,  1883,  Mr.  Wada  of  the 
Meteorological  Observatory,  Tokyo,  took  complete  hourly  observations 
of  the  Declination.  It  may  be  well  to  give  here  the  mean  hourly 
values  during  the  whole  interval  of  5  Y(j  months. 


Diurnal  "Variation. 

Hour. 

Declination. 

Hour. 

Declination. 

Hour. 

Declination. 

0  a.m. 

4°  16:71 

8  a.m. 

4°  13:46 

4  p.m. 

4°  18:72 

1     „ 

16.54 

9    „ 

13.89 

^    „ 

17.57 

16.24 

10    „ 

15.21 

6    „ 

16.68 

15.97 

n   „ 

17.25 

l-T 

7    „ 

16.79 

i      „ 

15.82 

1:^    ., 

18.99 

8    „ 

16.93 

5    „ 

15.69 

1  p.m. 

20.16 

9      ;. 

16.85 

6    „ 

14.84 

2    „ 

20.39 

1"  „ 

16.76 

^7 

13.76 

3    „ 

19.96 

H     „ 

16.70 

The  mean  value  is  4°  16 '.75  and  the  mean  diurnal  range  is  6 '.93, 
These  hourly  observations  of  Mr.  AVada  are  the  most  comjjlete  and 
valuable  of  the  kind  that  have  been  made  in  Japan.  It  may  be 
remarked  that  within  the  last  few  months  the  same  gentleman  has 
got  into  fair  working  order  a  complete  set  of  Mascart's  self-registering 
magnet ographs.  Unfortunately  they  were  not  ready  for  use  during 
the  months  of  our  survey,  so  that  we  have  no  means  of  applying  even 
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npproxiniate  corrections  so  as  to  reduce  our  results  to  ouc  epocli. 

We  had  hoped  ])ef()re  starting  to  have  had  the  cooperation  of 
the  observers  at  the  Naval  Observatory,  where  for  some  years  fairly 
systematic  measurements  of  the  magnetic  elements  have  been  made. 
Since  1883,  the  declination  has  been  taken  rec^iilarlv  everv  dav  at 
7  a.m. —  not  a  very  good  hour  if  probability  of  steady  values  or  of 
good  means  is  aimed  at.  The  Horizontal  Force  and  Dip  have  been 
taken  each  twice  a  month,  the  former  alwavs  in  the  afternoon  between 
2  p.  m.  and  5  p.  m..  and  the  latter  usually  immediately  thereafter, 
excepting  on  ;i  few  occasions  when  it  was  observed  in  the  morning. 
The  Horizontal  Force  was  measured  with  the  Deflectinsf  jMasfnet  at 
one  distance  only.  The  mean  values  for  the  years  1885-6-7  are  given 
here,  being  calculated  from  the  tables  published  in  the  Annual  Reports 
of  the  Naval  Observatory.  The  Horizontal  Force  was  measured  in 
foot- grain -second  units  ;  but  the  values  are  here  reduced  for  con- 
venience to  the  centimetre-îjramme-sccond  units. 


Mean  Annual  Values  of  the  Magnetic  Elements 
at  the  Naval  Observatory,  Tokyo. 

Year. 

Dip. 

Horizontal  Force. 

declination  "W. 

1885 

1886 
1887 

49°  :36'.2 
49°  36'.  7 
49°  39'.4 

.29098 
.29151 
.29180 

i°4'.2 
1°  6'.  2 
4°7'.l 

All  show  evidence  of  an  annual  rate  of  increase,  ll  will  be 
noticed  more  especially  that  the  annual  rate  of  change  of  Declination 
is  much  smaller  (about  l'.ö)  than  the  value  deduced  from  Inö's  and 
Aral's  observations. 

Another  fact  deducible  from  the  Naval  Observatory  Reports  is 
that,  so  far  as  can  be  judged  from  the  limited  number  of  observations 
made,   the  magnetic  conditions  diu-ing   the  summer  months  of  1887 
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seem  l<>  linvo  kept  fnirlv  r-onstnnt.  The  several  inensiiremenfs  of  tlie 
ILn-izontal  B'orce  do  ikH  differ  nmon_o-st  themselves  by  so  much  ns 
1  ill  1000;  the  Dips  ao-ree  to  within  7';  and  tlie  mean  monthly 
deelinfitions  to  ^vithm  o'. 

To  reo'ard  all  the  observations  of  the  present  snrvev  as  made  at 
the  same  epoch  is.  therefore,  in  the  circumstances,  the  safest  course. 
Indeed  it  would  be  impossible  with  the  data  at  our  command  to 
apply  monthly  corrections  ha^'ing  any  claim  to  probability. 

During  the  years  1882- o  a  magnetic  survey  of  Ja])an  was 
carried  out  by  IMessrs.  Sekino  and  Kodari.  members  of  the  staff  of  the 
Geological  Survey  Department.  Their  chart  was  jiresented  at  the 
International  Geological  Congress  at  Berlin  in  1885,  and  is  reproduced, 
along  with  the  observations,  in  a  pamphlet  of  Dr.  Naumann's,  entitled 
"Die  Erscheinungen  der  Erdmagnetismus  in  ihrer  Abhängigkeit  vom 
r»au  der  Erdrinde"  (Stuttgart,  1887).  In  this  ]wmphlet,  which 
('(mtaiiis  a  full  account  of  previous  magnetic  work  in  Japan,  Dr. 
Naumann  calls  special  attention  to  the  apparent  trend  of  the  lines  of 
e(|ual  magnetic  declination,  and  suggests  a  possible  relation  ])etween 
I  heir  f)rm  and  the  «jeoloofical  structure  of  the  country. 

Some  three  or  four  year  ago,  however,  an  inspection  of  the  results 
of  this  first  survey  and  a  consideration  of  the  routes  chosen  convinced 
me  that  it  would  ])e  unsafe  to  deduce  from  them  any  definite  C(jn- 
elusions  as  to  the  general  magnetic  characteristics  of  Japan.  For 
example,  with  the  exception  of  a  few  in  the  neighliourhood  of  Niigata 
and  Sado  island  and  a  few  between  longitudes  136°  and  138°  E., 
there  were  no  stations  along  the  westei-n  coast  of  Japan.  Nortli 
of  latitude  38°  N.  there  was  but  a,  single  line  of  stations,  confined 
to  tlie  Ôshiû-kai-dô  (the  Öshiü  High- way).  Then  the  observations 
were  made  in  two  sets,  the  one  in  1882  between  vVugiist  18th  and 
December   7th,   and  tlie  other  in    1883  between  Se])te(nher  10th  an<l 
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December  I^itli.  Tlic  i)l)serv;iti<)iis  were  iiia<lc  (i>ii:ili\"  aboul  D  a.m. 
or  8  p.m..  Iiiil  Hot  with  aljsolute  reii'iiJarity.  Tlins  to  iii;ikc  tlie 
results  comparable  amongst  themselves,  corrections  due  t(j  the  diurnal, 
annual,  and  secular  \ -ariations  ought  t')  lie  applied.  01'  tlie.>?e  the 
diurnal  variation  is  the  one  which  will  tell  most  in  the  eireumstances  ; 
but  I  am  not  aware  if  any  attempt  has  been  made  to  reduce  :dl  t\\r 
observations  (especially  of  the  declination)  to  one  hour.* 

Considerinu'  then  the  manner  in  wliich  Sekino's  survev  \va.^ 
carried  out,  we  are  1  think  justilied  in  regarding  the  observations  as 
an  insufficient  basis  for  any  safe  generalization. 

It  thus  a[)peared  th;it  the  thing  to  be  desired  was  a  new  survey — 

what   might   be   called    a    ])reliminary   survey    of  all   dapan.    special 

attention  to  be  paid  to  the  distribution  of  stations,  and  the  whole  to 

be  completed   within  its  short  a  time  as  possible.      The  scheme  tinall\- 

decided   upon   was   brietly  as  follows: — To  form  two  parties,  the  one 

or  Northern  Party  to  survey  the  northern  and  eastern  parts  of  Japan, 

includinof  some  stations  in  the  Island  of  Yezo.  the  other  or  Southern 

Party    to    survey    the   south-western   parts    including   one    or    more 

stations  in  Korea.      This  required  two  sets  of  instruments.      Already 

the  University  })ossessed  the  ordinary  Kew  l^ortaljle  Alagnetometer  ; 

and    with    this   the    Northern    Party    conducted    their    sur\ev.      The 

Dipping  Needle  used  by  the  Northern  Party  was  loaned  by  the  Koy;tl 

Society  Committee:  and  I  take  this  0]>portunitv  of  cordially  tluiidvinu" 

them  for  their  kindness  to  me  personally  as   well   as   t(j  tlie    Imperial 

University  of  Japan,      in  the  work  of  rhe  northern  party  1  was  ably 

assisted  bv  Mr.  H.  Na^aoka,  »jne  of  the  graduates  of  the  year. 


*  There  .seems  to  be  a  slight  iuaccuraey  iu  Dr.  Nanmaun's'remarks  (See  page  8  of  the  paiu- 
phlet)  ou  the  reJiictioa  of  these  observations  to  oue  hour.  I  uuderstauil  fruui  Mr.  Sekiim 
Unit  uo  diurnal  correction  was  applifil  to  the  observations  made  at  tbc  northern  station^ 
(Aoniori  and  Iwanmna  being  excepted).  At  the  southern  stations  corrections  were  applied  in 
accordance  with  the  three-hourly  observations  that  wtre  being  made  iu  Tokyo  at  Ibe  time, 
llic  observations  being  reduced  to  the  mean  ot  the  'J  a.m.  iiud  '■>  p.m.  oli>ei  vation>. 
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The  ,s(nithern  Partv  was  under  the  chui'o-e  of  Mr.  Tanakadate, 
who  was  assisted  by  Mr.  K.  Iniagawa,  an  elective  student  of  Physics. 
This  party  used  a  Dipping  Needle  of  the  usu  d  Kew  pattern  (Dover, 
Charlton  Kent,  Circle  No.  24);  but  measured  the  declination  and 
horizontal  f(3rce  by  means  of  an  instrument  constructed  by  Mr. 
Tanakadate  himself.     This  will  be  fully  described  further  on. 

Each  Party  was  completed  by  the  addition  of  a  University  servant. 

In  selecting  the  stations  we  aimed  at  two  things;  1st,  a  fairly 
good  distribution,  2nd,  a  shunning  of  local  disturbances  due  to 
volcanic  rocks.  As  the  observations  will  show,  the  second  conditi<jn 
Avas  extremely  difficult  to  fulfil — indeed  practically  impossible  except 
by  leaving  out  large  tracts  of  Cfjuntry.  This  was  especially  true  in  the 
northern  part  of  Japan,  where  magnetic  rocks  abound.  AV'e  always 
tried  however  to  give  volcanoes  a  wide  berth,  as  these  had  been 
shown  by  previ(jus  observers  to  be  great  sources  of  distm'bance, 
especially  as  regards  the  declination. 

As  the  tabulated  values  of  the  various  elements  sufficiently 
indicate  by  the  dates  attached  the  chronological  order  of  the  stations, 
it  is  enouo'h  to  o-ive  a  verv  i^eneral  indication  of  the  routes. 

The  northern  Party  left  Tokyo  on  dune  2üth,  1887,  and 
proceeded  by  rail  and  jinrikisha  northwards  to  Shiogama.  From 
here  they  took  boat  to  Isliinomaki,  thence  up  the  river  (the  Kita-kami- 
gawa)  to  Ichinoseki,  and  on  by  vond  to  Morioka.  Here  they  turned 
due  east  and  made  over  the  hills  to  Miyako,  a  coast  town  of  con- 
siderable importance.  A  Japanese  junk  then  took  them  northwards 
to  Kuji,  whence  by  packhorse  and  jinrikislia  they  proceeded  by 
Hachinohe  to  Aomori.  From  Aomori  they  crossed  to  Hakodate, 
from  which  as  a  centre  they  made  expeditions  by  sea  to  Sapporo  and 
Nemuro.  The  return  journey  was  made  on  the  western  side  of  the 
great  central  ridge,  coast  t<jwns  such  as  Akita,   Stikata,   Niigata,  etc., 
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beiiiii'  iiichided  as  well  as  the  more  easily  accessible  iiilaiifl  sratioiis. 
The  west  <(.a.st  was  left  at  Takata  in  latitude  37^.  and  tin-  route 
continued  over  the  high  central  mountains  U)  Kôfu  (hjwn  the  river 
(Fuji-kawa)  to  liara,  and  then  round  the  %outh-eastern  c<jast  lo 
Chöshi  and  so  back  to  Tokyo. 

The  southern  Party  left  Tokyo  on  diiiic  i^l^nd  and  j)ruceeded. 
partly  by  steamei-  partly  by  land,  westwards  alcjng  the  South  Ci^asi 
to  Osaka.  l*'rom  here  an  excursion  was  made  to  Shikoku  ;  and,  after 
their  return  to  Osaka,  thev  ijursued  their  westerly  coiu'se  by  steamer 
alonii"  the  n«:)rthern  shores  of  the  Inland  Sea.  By  Auu'ust  1st  they 
reached  Nas'asaki.  whence  they  made  a  trip  to  Korea  and  back  aç^ain. 
which  occupied  nearly  three  weeks.  The  subsequent  route  lay  round 
Kyüshü  and  finally,  chiefly  by  steamer  and  boat,  ahjng  the  Xorth 
Coast  of  the  western  portion  of  the  main  Island.  Their  last  station 
was  Nanao  lying  on  the  east  side  of  the  peninsula  of  Xoto  which 
projects  northward  into  the  Sea  of  Japan. 

The  Northern  Party  completed  the  prescribed  survey  by  Sep- 
tember ord.  Two  other  stations,  however,  at  which  observations 
Avere  made  on  September  :i?oth  and  2Gth.  were  subsequently  included. 
The  distances  travelled  by  road,  railway,  and  water  were  roughly  as 
follows  : 

Byroad 1350  miles. 

,,    railway      400       ,, 

,,    water         1700       ,, 

The  Southern  I'ariy  completed  their  work  on  October  14th. 
The  distances  travelled  bv  road,  railway,  and  water  Avere  as  follows  : 

Byroad 1100  miles. 

,,    railway     300       ,, 

„    water        2450       ,, 
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Aluiost  all  the  tr^nelling  by  water  accoiDpliyhed  by  the  Northern 
Party  occurred  during  six  days  of  their  stay  in  ^  ezo — otherwise, 
with  a  few  unimportant  exceptions,  theii-  mute  hiy  wholly  overhuid. 
On  tlie  contrary,  the  Sourhei'U  Party  accomplished  over  all  uearlv  a 
montli's  truvelliny  bv  water. 

Section   II. 

The  Northern  Party,  as  already  mentioned,  were  provided  with 
the  Portable  Magnetometer  (Elliott  Protliers,  No.  (11)  and  Dipi)ing 
Needle  of  the  well-known  Kew  Pattern  (Parrow  A:  Co.  London,  No. 
24).  In  addition  to  these  was  the  indispensable  Chronometer  (Negus 
Sidereal,  No.  1669). 

The  chronometer  was  systematically  <hecked  by  Sextant  Obser- 
vations, usually  of  the  sun,  sometiines  of  a  [)lanet  or  star.  When 
circumstances  were  favourable,  equal  altitude  obser\ations  were  taken. 
Generally,  however,  this  method  was  impracticable,  since  the  plan  of 
survey  decided  upon  prevented  tlie  Party  sojourning  more  than  16  or 
17  hours  at  most  of  the  stations.  The  chief  S(jurce  of  error  in 
determining  the  time  by  single  altitude  observations  lay  in  the  some- 
what uncertain  values  of  the  latitudes  and  longitudes  of  many  of  the 
stations.  In-equently  the  only  choice  was  to  estimate  these  co- 
ordinates from  the  authoritati\e  maps  pre]>ared  by  the  Meteorological 
and  Military  depîu'tments.  For  a  few  important  stations  (Hakodate, 
Niigata,  etc.)  recent  determinations  of  latitude  and  longitude  were 
a\ailablc;  in  other  cases  Inö's  observations  were  utilised.  The 
clock-error  was  necessary  for  the  determination  of  the  declination, 
and  the  rate  for  the  determination  of  the  horizontal  intensity.  Any 
jjossiljlc  eiTor  in  the  latter  can  atfect  the  value  of  the  horizontal 
intensity  by,  at  the  most,  uiie  in  the  5th  signiticant  tigurc.  As  the 
declination    was,    in    the    great    majority    of    cases,     determined    b\- 
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ol).sor\'nti<iii  of  the  :i/iiiiiiili  of  I'nhii'is,  n  few  .socoikIs"  ci-nic  in  ilic 
(leterminntioii  of  the  clock-ei-roi-  wns  insisriiifiranf.  (  »of-asioiiiillv, 
however,  cloudy  wenrlior  prevented  the  observation  of  Polnris,  nnd 
in  that  ease  the  Siin'>  nzininth  wns  t;iken  instead.  Ft  was  customary 
indeed,  if  the  stntic^n  were  reached  early  enoui^h  in  tlie  afternoon,  to 
take  a  Sun's  azimuth,  in  case  tlie  night  should  n«^t  prove  propitious  : 
and  in  not  a  few  cases  the  declination  was  obtained  bv  both  methods. 
()nc(>  or  twice,  on  broken  nights,  Jupiter,  Arcturus,  or  Spica  was 
utilised  for  ol)taining  the  true  astronomical  meridian. 

The  azimuth  was  taken  in  the  usual  Avay  by  means  of  the  small 
mirror  fitted  to  tlie  Kew  instrument.  If  Polaris  or  other  star  were 
being  observed,  foui-  transits  were  taken, — first,  two  with  the  stat- 
in front  of  the  observer,  the  mirror  being  reversed  on  its  Y's  between 
the  observations,  and  then  two  similarly  with  the  star  behind.  Ff  the 
sun  were  being  observed,  two  transits  Avere  taken,  one  foi'e  and  one 
back,  the  mirror  being  in  each  case  reversed  between  the  contacts. 
In  this  way  the  small  errors  of  adjustment  were  tak<'n  projxr  account 
of. 

[mmediately  before  or  immediately  after  the  transit  observations, 
the  magnetic  declination  was  taken,  the  magnet  being  always  viewed 
in  the  inverted  as  well  as  in  the  pi-oper  position.  During  the  whoh- 
survey,  the  point  on  the  scale  corresponding  to  the  magnetic  axi< 
never  varied  by  as  much  as  the  tenth  of  :i  small  division. 

On  two  occasions  onlv  did  continued  wet  weather  jirevenf  th(> 
azimuth  obser\atioii  l)eing  made — namely  at  fchijioseki  (N"o.  7)  and 
at  Ueda  (No.  87) 

In  the  final  workini:'  up  oi'  the  i-esults  onlv  those  stations  .-ire 
chosen  ;it  which  the  azimuth  was  obtained  by  means  of  Poliu-is 
observations.  Ii>  nil  except  one  case,  these  Polaris  ob^ccvations  wej-e 
madebetweenthehonrsofSp.nl.  and    12   p.m.    locnl    time:   in   thai 
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one  case  (at  Sekiyama  No  36)  they  were  made  at  3  a.m.  Now  it  is 
just  at  these  hours  that  the  magnetic  declinarion  is  subject  to  tlie 
slowest  chano-e  and  has  besides  a  vahie  which  can  liardly  ditfer  more 
than  1'  of  arc  from  the  mean  vahie  for  the  day.  Where  a  complete 
series  of  liourly  abservations  thronghont  a  wliole  day  is  oiitoftlio 
question,  observations  of  declination  made  a  little  before  midniglit 
will  crive  a  fairly  good  approximation  to  the  true  mean  value.  When 
the  sun  was  used  for  finding  the  azimuth,  it  was  usually  before  8  a.  m- 
or  after  4  p.m.  On  one  occasion,  however,  (at  Ebisu,  N(X  33)  cir- 
cumstances compelled  a  transit  of  the  sun  to  be  taken  at  about  noon. 

The  dip  and  horizontal  force  observations  were  usually  made 
at  early  morning  before  eight  o'clock  or  in  the  afternoon  after  four. 
As  there  was  but  one  tripod,  it  was  necessary  to  remove  the  one 
instrument  so  as  to  mdvC  way  for  the  other.  It  was  found  more 
convenient  generally  to  observe  the  dip  first,  and  then  make  the 
deflection  and  \'ibration  experiments.  If  necessary  a  declination  was 
taken  and  the  azimuth  obtained  as  usual  from  two  transits  of  the  sun. 
If  it  was  a  morning  obser\  ati(^n  and  if  the  declination  had  been 
obtained  by  means  of  Polaris  the  night  l)ef()re,  this  final  declination 
was  dispensed  with.  Ff  it  Avas  an  afternoon  observation,  however, 
and  the  sun  visible,  a  solar  azinmth  :ind  magnetic  declination  were 
always  taken,  to  guard  against  the  mischance  of  a  cloudy  night. 
The  dip  and  magnetometer  observations  were  make  liy  lioth  observers 
alternating.  T'hus  the  one  who  observed  the  dip  during  this  set  of 
observations  would  operate  with  the  magnetometer  during  the  next 
set.  and  rice  imsd.  The  one  who  A\as  not  ol)serving  recorded  and 
kept  time. 

The  sextant  observations  were  all  undertaken  by  Mr.  Nagaoka, 
who  had  carefully  trained  himself  to  the  work  before  the  Expedition 
started.     The  sextant  used  was  one  of  iVowning's  (London),  No.  G29.'"). 


MAGXETIC  SIKVEY  OF  JAPAN. 


17Ô 


The  rravelliiig  was  usiialJy  eitectod  by  ineaus  ol"  jinrikishu  ;  and 
there  cannot  l)e  the  least  doubt  that  the  rattling  and  jolting  did  not 
increase  the  steadiness  (jf  the  chronometer.  Frequent  sextant  obser- 
vations were  therefore  absokitely  necessary,  so  that  a  fairly  accurate 
value  of  the  mean  daily  rate  could  be  obtained.  Then^  always  must 
be,  however,  a  certain  doubt  as  to  whether  the  mean  rate  so  obtained 
is  really  the  true  rate  when  the  chronometer  is  resting.  It  is  highly 
probable,  in  fact,  that  irregularities  must  resuh  from  sufh  a  j'oJting  as 
jinriküha  give  :  we  can  only  hope  that  these  irregularities  balance  each 
other  in  the  long  run. 

The  results  obtained  will  be  discussed  along  with  the  observations 
of  the  Southern  Party.  Their  mode  of  operating  was  in  many  details 
quite  different  from  the  mode  adopted  by  the  Northern  Party,  and 
calls  for  a  full  account  both  of  instrimients  and  methods. 

The  following  account  is  drawn  up,  almost  in  his  very  words, 
from  Mr.  Tanakadate's  own  descriptive  notes. 

Section   III. 

With  the  Exception  of  the  theodolite,  which  was  fitted  up  both 
for  transit  and  for  magnetometric  observations,  the  South  Party 
resembled  the  North  Party  in  its  equipment.  A  chronometer,  (Negus 
Sidereal,  1629),  a  dip  circle,  a  box  of  tools  and  necessary  books,  and 
a  tent,  completed  the  out -fit. 

The  dip  and  vibration  Experiments  were  always  carried  out  by 
Mr.  Imagawa  ;  wdiile  Mr.  Tanakadate  undertook  the  chronometei- 
rating,  and  the  declination  and  defiection  experiments.  Usually  the 
one  acted  clerk  to  the  other,  noting  down  what  the  latter  read  otf. 
In  the  vibration  experiments,  the  observer  signalled  the  vibrations. 
and  the  instants  of  signal  were  timed  by  Mr.  Tanakadate  from  the 
chronometer  and  noted  down.     In  the  transit-observations,  however. 
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Mr.  Tanakadate  worked  alone  by  the  usual  eye  and  ear  method. 

The  object  aimed  at  being  to  obtain  a  general  magnetic  survey 
of  Japan,  it  was  advisable  as  far  as  possible  to  eliminate  local  and 
diurnal  disturbances.  The  stations  had  all  orioinallv  been  chosen 
after  a  careful  study  of  the  distribution  of  volcanoes  throug-hout  the 
country.  If  further  we  assume  that  all  mountains  are  a  possible 
source  of  disturbance — of  underoTound  sources  of  disturbance  it  is 
impossible  of  course  to  take  any  preliminary  account — the  following- 
rough  rule,  which  guided  us  in  most  cases,  v>qll  ])robably  be  found 
useful  : — A  station  should  be  so  placed  that  no  mountain  as  seen 
from  it  shall  subtend  a  ^'ertical  visual  aniile  greater  than  5°.  Thus, 
let  there  be  a  mass  of  magnetic  substances  of  volume  v  and  suscep- 
tibility k  at  a  distance  r  from  the  station  ;  and  suppose  that  this  mass 
is  a  cube*  of  height  Jt.  Then,  hi  be  the  intensity  of  the  magnetic 
held  in  which  the  mass  is  placed,  the  disturbance  at  the  station  will  be 
klv/r  =  kl(h/ry==k  I  tan'^ff,  where  0  is  the  visual  angle.  Take 
7  =  ••!,  A;  =10  (bad  iron),  0  =  5°,  and  the  value  of  the  disturbance 
comes  out  '0027.  In  the  most  favoured  circumstances,  however,  it 
is  highly  improbable  that  more  than  1  or  2  p.  c.  of  iron  is  present  in 
the  substance  of  the  mountain.  Hence  we  may  safely  assume  that 
a  mountain  at  such  a  distance  will  only  affect  the  5th  decimal  place. 
In  a  few  cases,  such  as  Wakwan  (No.  62)  Hagi  (No.  72)  Hamada 
(No.  73),  we  were  compelled  by  circumstances  to  break  the  above 
rule  ;  but  in  no  case  did  the  visual  angle  amount  to  10'\ 

The  station  was  usually  chosen  in  an  open  Held  within  1  or  2 
kilometres  of  some  village  or  town.  Occasionally  a  cotton  field  was 
cleared  sufficiently  to  permit  the  tent  to  be  pitched. 

On  a  few  occasions  dip  observations  were  made  at  two  or  three 
spots  in  the  vicinity  of  the  chosen  site  ;  and  if  the  values  came  out 

*  Such  an  assumption  gives  of  course  a  higher  value  than  is  likely  to  be.      [C.  G.  K.] 
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within  ihe  limits  of  errors  of  observation,  the  place  was  assumed  to 
be  free  from  local  disturbance.  At  two  stations,  Haniada  (No.  73) 
and  Maizuru  (No.  78),  thi.s  dip  test  was  made  after  the  regular  series 
of  magnetometer  observations  had  been  completed.  At  the  former 
station,  the  values  differed  by  as  much  as  20',  at  the  latter  by  3'. 
From  the  nature  of  the  environment  such  discrepancies  w^re  jusr 
what  might  have  been  expected. 

At  Minabe  (No.  59)  we  first  made  a  series  of  hourly  observations 
of  the  declination  :  and  this  proved  such  an  easy  matter  with  the 
form  of  declinometer  used  that  at  all  subsequent  stations  declination 
observations  were  made  in  sufficient  number  to  obtain  a  diurnal 
curve.  Excepting  when  the  number  of  distinct  observations  was  less 
than  five,  these  diurnal  variations  are  shown  in  diagram  (Plates  XTT 
to  XY).      The  general  smoothness  of  the  curves  is  a  sufficient  pro<jf 

of  the  efficiencv  of  the  electrcHnae^netic  declinometer,  to  l)c  described 
below. 

The  dinrnal  variation  of  the  Horizontal  Intensity  was  observed 
twice,  namely,  at  Hiroshima  (No  61)  «mi  July  29th,  and  at  Miyazaki 
(No.  69)  in  September  Ist.  The  values  are  all  given  in  the  tables  at 
the  end  of  the  memoir.  A  comparison  of  the  two  sets  of  observations 
shows  how  very  dissimilar  ni'c  the  measured  variaHons  of  the  horizontal 
foree  in  the  two  cases,  althc^ugh  the  relation  between  the  temperature 
and  magnetic  moment  of  the  bar  magnet  comes  out  very  similar  in  the 
two  cases.  From  these  results  it  is  possible  to  obtain  in  the  usual 
form  an  expression  for  the  Moment  of  the  magnet  in  terms  of  the 
temperature. 

On  two  occasions,  at  Minabe  (No.  59)  on  Jidy  22nd,  and  at 
8hioya  (No  80)  on  October  5th.  a  series  of  observations  of  the  dip 
was  made  throuîjfhout  the  day.  These  a'ave  nothino"  definite  (see 
complete  list  in  Table)  although  tbe  variation  of  declination  on  these 
days  was  as  usual. 
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At  each  place,  three  observations  at  Jeast  of  all  the  elements  were 
made,  one  in  the  morning,  one  near  noon,  and  one  in  the  evening. 
In  the  final  tnbulation,  the  arithmetic  means  of  the  dips  and  horizontal 
intensities  are  given.  The  mean  declination  is  however  obtained  by 
a  different  method.  From  the  complete  observations  made  at  Hagi 
(No.  72)  and  Hamada  (No.  73),  means  were  taken  by  summing  the 
24  ordinates  corresponding  to  each  hour  of  the  civil  time.  In  both 
cases  this  mean  came  out  lower  than  half  the  sum  of  the  principal 
maximum  and  principal  minimum  by  (Due-tenth  their  difference. 
Thus  if  djcV  be  the  maximum  and  minimum  respectively,  the  true 
mean  was  found  to  be 

d  +  d'      d  —  d' 
2  Î0~~ 

This   rule  is  applied  to  all  the  observations.     In   several  cases  the 

maximum  and  minimum  are   only  inferred   from   the  neighbouring 

points.* 

The  magnetometer  used   by  the   South   Party    presents   many 

points  of  novelty,   both  in   construction  and  in  mode  of  using.     It 

combines  the  ordinary  apparatus  for  the  measurement  of  the  horizontal 

force  with  a  special  form  of  declinometer  invented  by  Mr.  Tanaka- 

date  and  described  in  a  paper  published  in  the  Proceedings  of  the  Royal 

Society  of  Edinburgh  (1884-6).+     The  whole  apparatus  is  built  up 

upon    a   theodolite,    which   in   its   ordinary   form   as   an   alt-azimuth 

instrument  serves  for  all  the  astronomical  observations  necessary  for 

findino-  the  latitude,  lonaûtude.  and  meridian  of  the  station,  and  the  true 

sidereal  time.     The  instrument  is  shown  in  Plate  VI,  mounted  for  its 

*  A  glauce  at  the  curves  will  show  that  this  method  gives  a  mean  in  neither  case 
differing  by  as  much  as  half  a  minute  from  the  value  of  the  declination  as  observed  between 
the  hours  of  Ö  and  12  p.  m.,  so  that  (if  we  disregard  the  possibility  of  the  existence  of  a 
magnetic  storm  at  these  hours)  the  methods  adopted  by  the  North  and  South  Parties  to 
obtain  a  good  mean  declination  give  quite  concordant  results.   [C  O-.  K] 

t  Also  in  the  Pàçialnilnjôlnm  Zn^xjii  (Vol.  II). 
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several  |)ni"po«e.s.  It  consist.s  essentially  of  a  theodolite,  n  niirvnr 
inaunetometer.  a  declination  roil,  a  small  o-alvanio  cell,  a  resi.stance 
box,  a  vibration  case,  a  detlection  bar,  and  a  bar  maenet.  At  any 
given  station,  the  base  of  the  theodolite  is  fixed  and  adjusted  once  for 
all,  and,  if  possible,  never  chanired  throughout  the  whole  series  of 
experiments.  Only  in  this  way  can  a  really  satisfactory  series  of 
diurnal  observations  of  the  declination  be  made.  That  this  might  be 
done,  a  second  tripod  was  necessary  for  mounting  the  dipping  circle 
and  vibration  apparatus.* 

The  instruments  will  be  described  (1)  as  a  Declinometer,  (2) 
as  an  apparatus  for  measuring  the  horizontal  force,  (3)  as  an  alt- 
azimuth or  transit  instrument  for  determining  the  astronomical 
meridian,  the  clock  error,  and  latitude. 

The  theodolite,  which  formed  the  basis  of  the  whole,  was  one  of 
Negretti  and  Zambra's  construction.  To  fit  this  up  as  a  magnetometer, 
the  compass  needle  had  first  to  be  removed,  and  into  the  hollow  space 
left  in  the  centre  of  the  theodolite  base,  was  fitted  what  may  be  called 
a  magnetometer  stage.  In  figures  1  and  5,  Plate  VI.,  this  stage  may 
be  seen,  and  its  form  is  specially  will  shown  in  figure  5.  In  the 
subjoined  cut.  it  is  shown  in  clearer  detail.  The  chief  points  aimed 
at  in  its  construction  were  ease  of  adjustment  and  facilities  for  clamping- 
it  either  to  the  base  of  the  theodolite  or  to  the  Y's.  The  disk-shaped 
base  of  the  stage  with  its  circumferential  ring-clamp  (c)  nearly  fitted 
the  circular  cavity  left  after  removal  of  the  theodolite  compass  needle. 
This  ring-clamp,  when  tightened,  abutted  against  the  sides  of  the 
receptacle,  and  fixed  the  whole  stage  to  the  V"s  of  the  theodolite. 
When  loosened,  its  two  halves  collapsed  upon  the  disk-shaped  base 
of  the  stage,    which   fhen  simply  rested,  undamped,  upon   the  plat- 


*  A  second  tripod  might  will  be  added  to  the  Kew  set  of  instruments,  and  a  distinct 
saving  of  time  be  effected  in  mnking  a  series  of  observations  throiisjhont  the  day.     [C.  G.  K] 
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form  of  the  theodolite.  The  central  part  of  the  stage  (a  a)  rose  up 
to  a  height  which  fell  somewhat  sliort  of  the  level  of  the  Y's,  and 
ended  in  a  socket  intended  for  the  insertion  of  the  base  of  the  mng- 
netometer  proper.  The  last  essential  part  of  the  stage  was  a  stout 
brass  bar  (  6  6  )  running  through  between  the  Y  pillars.  From  its- 
ends  rose  uprights,  to  one  of  which  was  fixed  the  telescope  nnd  scale 

t'ig.  1. 

(^  natural  size). 


(^  natural  size). 


used  in  the  readings,  and  to  the  other  a  lamj)  for  night  work,  which 
also  played  the  rôle  of  counterpoise.  The  fixing  of  the  stage  to  the 
base  of  the  theodolite  instead  of  to  tlie  Y's  Avas  effected  by  means  of 
a  clamp  (^)  attached  to  the  brass  ])ar  and  attachable  to  the  rim  of  the 
theodolite.  In  this  wav  the  stage  could  be  clamped  to  either  base  or 
Y's,  singly  or  together,  as  occasion  might  require. 
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The  magnetometer  case  (Plate  VI,  lig.  2,  and  [Mate  Vii.  fig.  3). 
when  set  in  position  on  the  central  ring  socket  of  the  stage  was 
centred  by  means  of  four  adjusting  screws.  The  magnetometer  is 
shown  dissected  on  Plate  VII.  Figures  1  and  2  show  the  magnet 
and  mirror  suspension.  The  magnet  (Fig.  2.  ni)  is  a  small  hollow 
cylinder  piercing  the  mirror  centrally  pei'pendicular  lo  ir^  plane. 
Mirror  and  magnet  are  fastened  to  an  aluminium  stem  (««'),  whose 
lower  end  is  broadened,  no  that  it  mav  when  ner-essarv  be  securely 
gripped  by  the  vice  s s'  shown  (magnified)  in  figures  .5  and  G  (Plate 
VII). 

The  suspension  was  by  means  of  a  spider  line.  .Several  ex- 
periments were  made  tötest  the  torsional  effect  of  such  a  suspension. 
A  full  account  of  these  was  given  in  the  Rigaku  Kyö  Kwai  Zasshi 
(\'ol.  11,  p.  108);  but  it  will  suffice  to  say  here  that  the  torsion  due 
to  a  twist  of  180°  on  a  spider  line  of  the  length  indicated  cannot 
cause  an  error  of  1"  of  ar<-  in  the  orientation  of  a  suspended  magnet. 
The  spider-line  was  drawn  «nu  (Urectly  from  the  living  animal,  and  a 
suitable  length  attached  to  the  mirror  and  the  disk  d  (Figs.  1  and  2), 
from  which  the  magnet  and  mirror  were  to  l)e  suspended.*  The  disk 
d  is  a  fan-shaped  h(jrn  damper,  whose  weight  is  nearly  the  same  as 
that  of  the  mirroi*  and  magnet,  and  whose  purpose,  as  such,  is  to 
remove  all  torsion  out  of  the  spider  line,  after  the  suspension  has  been 
carefully  mounted  in  the  case.  The  case  consists  of  four  parts,  as 
follows  (See  Plate  Vll,  fig.  o  ).  (1)  The  top  cover — a  glass  tube 
capped  by  a  bell  glass,  below  which  is  a  shelf  (/;)  with  a  triangular 
hole  and  a  slit  wide  enough  to  let  the  horn  damper  pass  through 
easily.  (2)  The  glass  tube,  on  which  the  top  cover  is  slipped,  and 
to  which  it  is  fixed  by  a  clamp  (c)  at  any  height  within  certain  limits, 

*  There  cannot  be  the  least  doubt  that  the  spider-line  is  the  perfect  mode  of  suspension  of 
a  small  light  mirror,  such  as  is  used  in  delicate  galvanometers  and  magnetometers.  The 
zero  point  never  changes,  so  far  at  least  as  the  suspension  is  concemtKl.      [C.  G.  K.] 
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the  height  being  adjusted  to  suit  exactly  tlie  leugth  of  the  Suspension. 
(3)  The  magnet  chamljer — a  brass  tiilje  with  two  circular  glass! 
windows,  a  little  hirger  than  the  magnet-mirror,  and  facing  usually 
north  and  south.  Two  small  windows  are  also  made  facing  east  and 
Avest,  so  that,  in  the  process  of  centering,  the  middle  of  the  magnet 
(•an  be  seen  from  these  directions.  (4)  The  vice,  which  grips  the 
stem  (ft')  when  the  magnetometer  is  being  carried  about.  This  vice 
occupies  the  lowest  part  of  the  magnetometer  <'asing,  lying  insidt; 
the  part  n  n  show^n  in  Figiu-e  o.  The  details  uf  its  c<jnstruction  are 
indicated  in  Figures  4,  5,  G  (I'late  A'll).  Two  brass  springs  as  as' 
are  fixed  below  at  s's.  A  tube  tt,  with  two  side  openings  through 
which  the  springs  bulge  out  w^hen  the  vice  is  to  be  released,  can  be 
made  to  slide  up  and  down  inside  the  magnetometer  case.  When 
this  perforated  tube  is  down  (Fig.  6)  the  vice  closes  ;  Avhen  it  is  up 
(Fig.  5)  the  vice  opens.  The  vice-springs  grip  the  stem  a  of  the 
suspended  magnet.  When  they  are  opening  so  as  to  leave  the  mag- 
net free,  there  is  considerable  risk  that  the  stem  may  stick  to  one  of 
them  ;  and  to  free  it  by  a  jerk  or  tap  would  be  liable  to  break  the 
delicate  suspension.  To  obviate  this,  two  thin  strips  of  bra^s  (pp  pp) 
are  fixed  to  the  sliding  tube  at  p'j/,  and  are  so  adjusted  that  their 
upper  sharpened  edges  press  always  against  the  inside  surface  of  the 
vice-springs.  Thus,  as  the  tube  tt  slips  uj),  the  ends  pp  glide  along 
the  inner  faces  of  the  springs  and  gently  detach  the  stem,  should  it 
chance  to  be  sticking  to  either  arm  of  the  vice.  The  up  and  down 
motion  of  the  sliding  tube  is  etfected  by  means  of  a  special  combina- 
tion of  rack  and  screw.  Into  a  rectangular  socket  cut  in  the  sliding 
tube,  a  small  piece  of  brass  (/•,  Fig.  4)  tits.  This  piece  of  brass,  which 
must  l)e  inserted  after  the  sliding  tube  has  been  slipped  into  position, 
is  toothed  on  its  outward  facing  surface  so  as  to  tit  into  a  screw  cut 
internally  on  the  ring  nn  (Figs.  3  and  4.).     A  vertical  slit,  cut  in  the 
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tube  of  the  magnetometer  case,  serves  as  a  guiding  slot  in  "which  the 
small  toothed  piece  moves.  'J'he  ring  nn  is  milled  on  the  outer 
surface.  When  it  is  turned  l)y  the  finger,  tlie  toothed  piece  in  gear- 
in<2r  with  it  rises  or  falls  accordinn^  to  the  direction  of  turnino;  ;  and 
with  it  the  sliding;  tid)e  also  moves,  and  opens  or  closes  the  vice. 

The  mngnetometer  case  expands  below  into  a  disk  (//),  with  a 
hemispherical  knob  on  its  lower  surface.  This  knob  rests  in  a 
tetrahedral  hole  cut  in  the  base-plate.  l^y  screws  passing  through 
the  disk  and  bearing  on  the  base  plate,  the  magnetometer  case  can 
easily  be  adjusted  to  a  true  verticality.  (See  Fig.  3,  Plate  VIT,  also 
Fig.  2,  Plate  YI). 

To  mount  the  magnet  and  damper  in  the  case,  after  they  have 
been  connected  by  the  spider-line,  the  top-cover  must  first  be  un- 
damped and  removed.  The  small  screw,  h,  is  uncrewed  a  little  so 
as  to  leave  the  triangular  space  or  notch  in  the  shelf  quite  open. 
The  top  is  then  held  inverted  in  the  one  hand  ;  and  with  the  other 
the  stem  a'  is  carefully  lifted  until  the  damper  hangs  free.  The  dam- 
per is  then  dropped  through  the  slit,  the  magnet  and  mirror  carefull}- 
deposited  on  the  table  near  by,  and  the  screw  h  tightened  so  as  to  jam 
the  "handle"  of  the  fan-shaped  damper  up  against  the  sides  of  the 
notch.  The  top  piece  is  now  held  up  in  its  proper  position,  so  that 
the  magnet  and  mirror  hang  freely  from  it.  These  are  next  gently 
lowered  into  the  tube- case  of  the  magnetometer,  and  the  top  is  clamped 
in  the  position  which  makes  the  mirror  hang  level  with  the  circular 
windows.  The  stem  a'  will  now  hang  in  its  proper  position  between 
the  arms  of  the  vice,  which  should  be  opened  before  these  operations 
are  begun.  If  the  hanging  is  done  carefully  by  an  experienced  hand 
there  should  be  little  or  no  twist  on  the  spider  line.  Any  twist  can 
however  be  easily  removed  by  gi'ipping  the  stem  below  the  magnet 
with  the  vice,  inverting  the  magnetometer  case,  unscrewing  the  small 
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sn'ôw  5,  and  so  leavino;  the  dnmnar  to  lianof  freelv.  It  is  for  this  reason 
indeed  that  tlie  fan-shaped  body,  d,  is  called  jjy  tliat  name.  For,  in 
virtue  of  its  sjiape,  it  very  speedil\"  r-onies  to  aj)proxi]nate  rest  as  it 
swings  in  the  small  space  between  the  bell-glass  and  the  shelf,  and  of 
course  comes  to  final  rest  only  when  all  twist  has  Ijeen  taken  out  of 
the  spider  line.  Tf  the  suspension  is  left  for  a  few  hours  in  this  posi- 
tion, say  overnight,  Ave  are  safe  in  assuming  that  the  twist  has  been 
])racti('ally  elimimited.  A  slight  tip  will  now  bring  the  handle  of  the 
«lainper  into  the  notch,  where  it  is  securely  clamped  by  screwing  the 
screw  h  home.  The  magnet<^meter,  when  placed  erect,  is  now  ready 
for  use.  This  magnetometer  is  an  essential  part  of  the  a])pnratus 
required  both  for  the  declination  and  deflection  experiments.  The 
Declinometer  will  now  be  described. 

The  peculiar  feature  of  the  electromagnetic  declinometer  is  a 
coil  of  wire  of  a  convenient  form,  whose  axis  can  by  a  simple  ex- 
perimentMl  method  be  accurately  made  to  coincide  with  the  magnetic 
meridian.  The  coil  is  shown  in  Plate  W.  Fig.  1,  and  also  in  the 
annexed  cut.  It  is  wound  on  a 
flat  rectario-idar  frame  of  brass  in 


Fig.  2. 

(^  natural  size), 


two  separate  parts,  a  certain  por- 
tion in  the  middle  being  left 
vacant.  Looked  at  from  above, 
it  is  srpiare.  Two  pivots  pp 
project  from  the  middle  of  the 
sides  in  a  direction  perpendicular 
to  the  axis  of  the  coil.  These  pivots  are  hollow,  and  ai*e  made  of 
the  same  external  diameter  as  those  of  the  telescope  belonging  to  the 
Iheodolite.  The  upper  and  lower  surfaces  are  pierced  so  as  to  allow 
the  magnetometer  to  project  above  the  coil.  The  middle  part  of  the 
frame  where  no  wire  is  coiled  is  equal  to  the  height  of  the  frame  and 


MAGKETIC  SURVEY  OF  JAPAN.  185 

one-fifth  its  breadth.  The.se  dimensionsi  were  carefully  cah.-ulatcd  * 
so  as  to  make  the  error  due  to  an  excentrie  j)0>>ition  of  the  mag- 
netometer a  minimum. 

To  bring  the  coil  into  adju.stment,  it  i.s  neces.sary  to  operate  a.s 
follows.  Place  the  stage  and  magnetometer  on  the  theodolite,  and 
mount  the  coil  witli  it.s  pivots  resting  on  the  Y's  (PInte  VI,  fig.  1). 
Adjust  the  Y's  into  an  approximate  ea.st  and  west  direction  by  sight- 
ing the  freely  hanging  mirror  edge-on  through  the  jâvot  cores.  Lay 
the  coil  horizontal,  so  that  the  ends  of  the  coil  now  face  north  and 
south.  On  one  of  these  ends,  which  is  partly  closed,  a  small  pin-hole 
is  made  accurately  at  the  centre.  On  the  other  end,  exactly  opposite 
it,  a  wire  (Ji  in  the  cut)  is  stretched.  When  this  wire  is  sighted 
through  the  \^\u-\h)]e  -.md  throuyJi  tJic  small  hollow  tiiagnef,  then  we  know 
that  the  inao-net  is  truly  centred  with  reu'ard  to  the  c<jil.  If  the  wire 
cannot  so  be  .seen,  the  ma^'iietometer  must  be  adjusted  in  no.^ition  bv 
means  of  the  screws  pro\  ided  in  the  ring  .socket  in  which  the  base  of 
the  magnetometer  rests.  If  every  thing  is  in  accurate  adjustment,  ;i 
reversal  of  the  coil,  so  that  what  was  at  first  the  east  pivot  becomes 
west  and  vice  cersa,  will  still  leave  the  pin-hole,  magnet,  and  wire  in 
one  and  the  same  line.  If  it  is  not  so,  then  the  j)in-hole  and  wire  are 
at  faidt.  It  is  evident,  however,  that  once  the  adjustment  i.s  made, 
it  is  made  once  for  all  as  fir  as  the  coil  is  concerned — that  is  until  the 
wire  should  oive  wav.  The  maii'netometer  bein«»'  thus  ceiiired  east 
and  west,  it  must  next  be  centred  north  and  south.  Tiiis  is  done 
with  sufiicient  accuracy  bv  sitrhtin'j"  the  mao-net  throuuh  the  hollow 
pivot  of  the  coil,  and  working  the  north-and-south  adjusting  screws 
until  the  magnet  hangs  central. 

If  the  small  telesco])e  with  attached   scale  and  lamp-counterpoise 


*  The  details  of  the  calcnlation  are  given  in  the  Fa^ev  in  the  Proceediiig.-i  of  the  liotftil 
S'jcicty  of  Edhibiinjii  (1884-6)  already  referred  to. 
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are  now  mounted  in  position  (see  Plate  VI,  Fig.  1),  everything  is 
ready  for  making  a  determination  of  the  magnetic  meridian.  The 
stage  and  all  its  belongings  are  clamped  to  the  base  of  the  theodolite 
and  rendered  quite  free  of  the  Y's  ;  and,  consequently,  the  coil  can 
be  turned  round  independent  of  everything  else.  The  magnetometer 
stage  is  adjusted  until  some  convenient  division  on  the  scale,  as  re- 
flected from  the  magnet  mirror,  is  brought  to  coincidence  with  the 
cross-wire  of  the  observing  telescope. 

The  coil  is  now  put  in  circuit  with  a  small  cell,  which  is  shown 
in  Plate  VI,  Fig.  1,  hanging  from  the  centre  of  the  theodolite.  This 
is  done  by  putting  the  terminal  double-plug  (see  small  cut  on  page 
184)  into  one  of  the  holes  of  the  resistance  box,  whose  terminals  (see 
Plate  VI  figure  1)  are'  joined  to  the  poles  of  the  battery.  At  the 
first  trial  the  direction  of  the  current  should  be  such  as  to  make  the 
magnetic  field  due  to  the  current  in  the  coil  have  the  same  (general) 
direction  as  that  of  the  earth.  This  is  readily  judged  of  by  the 
quickened  movement  of  the  magnet.  The  reflected  image  of  the  scale 
will  in  general  be  seen  to  move.  With  the  current  always  on,  let 
the  azimuth  of  the  coil  be  shifted  until  the  originally  observed  reading 
of  the  scale  is  brought  back  again  to  the  cross-wires.  Since  the 
magnetometer  and  telescope  have  been  absolutely  fixed  in  position 
during  the  whole  operation,  this  gives  to  the  first  approximation  the 
direction  of  the  declination.  The  current  in  now  reversed  by  simply 
turning  the  double-plug  half-way  round  in  its  hole.  In  general,  the 
result  of  this  will  be  that  the  image  of  the  zero  scale  reading  will 
slowly  move  to  one  or  other  side  of  the  cross-wire.  The  resistance 
in  circuit  is  then  adjusted  until  the  current  is  such  as  to  cause  the 
time  of  oscillation  of  the  magnet  to  be  some  three  or  four  times  as 
long  as  that  under  the  earth's  force  alone.  The  original  division  of 
the  scale  is  again  brought  back  to  the  cross  wire  by  careful  adjust- 
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Dient  of  the  azimuth  of  the  coil.  If  the  current  is  now  broken  and 
the  scale  image  does  not  shift,  it  is  certain  that  the  magnetic  axis  of 
the  coil  lies  in  the  magnetic  meridian.  The  reading  on  the  theodolite 
gives  its  azimuth. 

During  the  series  of  operations,  however,  the  magnetic  meridian 
might  have  changed — during  the  forenoon,  indeed,  the  change  is 
quite  perceptible  in  five  minutes.  Or,  the  mngnetometer  stage  might 
itself  have  got  shifted  somewhat  in  the  process  of  adjustment.  In 
either  of  these  cases  there  will  be  a  shifting  in  the  scale  image  at  the 
instant  of  making  the  final  break  in  the  circuit.  By  adjusting,  how- 
ever, until  at  the  final  break  the  scale  image  remains  absolutely 
unaffected,  we  know  that  at  that  instant,  which  should  be  noted  on 
the  chronometer,  the  magnetic  meridian  is  determined.  An  exactly 
similar  observaticjn  must  be  made  with  the  coil  reversed  as  regards 
east  and  west  ;  and  then  the  mean  of  the  two  readings  so  obtained 
may  be  assumed  to  give  the  declination  at  that  instant  corresponding 
to  the  mean  of  the  two  instants  of  adjustment,  quite  independent  of 
any  error  resulting  from  any  (slight)  deviation  from  perpendicularity 
between  the  axis  of  the  pivots  and  the  line  of  magnetic  force  at  the 
centre  of  the  coil  due  to  the  current  in  it.  An  experienced  hand  can 
make  the  interval  between  the  two  final  adjustments  as  small  as  2|- 
minutes. 

For  the  determination  of  the  horizontal  force,  the  declinometer 
coil  must  be  removed  and  in  its  place  a  deflection  bar  substituted  as 
show  in  fiuure  5,  Plate  VI.  This  bar  is  made  of  brass  and  has  a 
Y-groove  on  its  upper  surface — or  rather  two  A'-grooves  extending 
the  one  to  the  east  and  the  other  to  the  west,  when  the  instrument  is 
mounted  ready  for  use.  AYhere  the  bar  rests  on  the  Y's,  it  is  made 
in  the  form  of  a  semi-cylinder — the  upper  surface  being  flat,  the 
lower  having  the  same  curvature  as  the  pivots  of  the  theodolite  tele- 
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scope  and  the  declinometer  coil.  Between  the  Y's,  the  bar  swells  out 
into  an  oblate  ring,  through  which  the  magnetometer  projects.  A 
semi-circular  gro(3ve  is  cut  in  front  of  the  ring,  S(j  that  the  magnet- 
mirror  can  be  sighted  by  the  small  telesc(jpe.  Over  the  brass  ring 
and  surrounding  the  magnetometer  a  ring  of  wood  is  placed,  with 
three  semi-circular  grooves  cut  in  it  at  suitable  places.  It  facilitates 
observation  by  cutting  away  all  extraneous  light,  while  at  the  same 
time  the  central  groove  in  combination  with  the  groove  on  the  brass 
ring  gives  a  clear  front  to  the  mirror.  The  side  grooves  are  needed 
during  night  observations  to  allow  the  lamp-light  to  illuminate  the 
scale.  On  the  Y-groove  of  the  bar  there  arc  four  stops,  two  on  each 
side  of  the  centre.  The  deflection  magnet  rests  in  the  groove,  and 
the  stops  are  so  placed  that  the  two  distances  of  the  magnet  from  the 
centre  are  obtauied  sim])ly  by  slipping  the  magnet  along  the  groove 
from  one  stop  to  the  other,  witliout  having  t(3  lift  it  out.  The 
stops  are  placed  so  as  to  make  the  ratio  of  the  two  distances  the  best 
possible,  according  to  the  usual  rule. 

The  instrument  is  obviously  availaltle  for  use  either  according 
to  the  methcxl  of  sines  or  the  method  of  tangents.  The  former 
method  is  the  preferable  one  ;  and,  in  using  it,  it  is  necessary  to  clamp 
the  stao-e  to  the  Y's,  and  free  it  from  the  base  of  the  theodolite.  Tiie 
operations  are  then  conducted  exactly  as  -^vith  the  Kew  Instrument. 
The  temperature  of  the  bar  is  measured  by  means  of  a  thermometer 
placed  on  the  A'-groove  outside  the  further  stop.  It  is  advisable  to 
dust  with  a  small  brush  the  surfiices  of  the  magnet  and  stop  just 
before  they  are  brought  together.  The  cln-onometer  time  is  taken 
as  the  final  deflection  is  adjusted.  The  beginning  of  the  experiment 
is  given  by  tlie  first  time  record  in  the  vibration  experiment,  which 
it  was  found  most  convenient  to  make  first.  The  mean  of  these 
times  is  taken  as  the  time  corresponding  to  the  value  of  the  horizontal 
force  as  finally  deduced. 
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The  vibrntion  oxporiment  is  made  in  a  vibration  box  somewhat 
similar  in  construction  to  tlie  one  used  in  tlie  Kew  Instrument  (See 
Plate  y\,  Fi.U".  3).  It  is-  mounted  on  a  second  tripod,  so  tliat  tlie 
mao-netometer  stasfe  need  never  be  removed  until  the  theodolite  has 
to  be  used  for  tiie  astronomicnl  observations.  The  maofiiet  employed 
daring-  the  survey  was  a  solid  steel  bar  of  square  section  and  polished 
on  all  sides.  Its  length  was  7-0024  cms.  and  its  breadth  '803  cms. 
at  0°  C.  Its  mass  was  Sô'OGl  grammes,  and  its  moment  of  inertia 
140*15  (cnr.  gr.)  at  0°  C.  It  was  suspended  by  two  loops  of  silk 
from  the  end  of  a  silk  fibre  freed  from  twist  in  the  usual  way  by 
means  of  a  brass  weio^ht  as  heavy  as  the  masfnet.  To  ^et  the  maf»*net 
horizontal,  the  base  of  the  vibration  case  was  first  levelled  bv  means 
of  a  spirit  level.  'J'he  magnet  was  then  lowered  down  till  it  just 
rested  on  the  floor.  Then,  by  raising  it  gently,  the  observer  could 
readily  tell  whether  or  not  it  was  horizontal  l)y  the  way  in  which  it 
left  the  floor.  A  few  slight  taps  with  the  brush  on  the  dij^ping  end, 
if  dipping  end  there  was,  and  a  repetition  of  the  same  operation  until 
the  mafjnet  left  the  floor  as  a  whole  simultaneously,  were  sufficient  to 
make  it  })ractically  horizontal.  It  was  then  raised  to  the  height  of 
the  side  window  in  the  box  and  steadied  by  means  of  a  fine  brush. 
The  telescope  w\as  adjusted  and  focussed  till  a  clear  image  of  the  scale 
was  seen  reflected  from  the  polished  side  of  the  magnet.  A  horizontal 
swinü"  of  about  half  a  deo^ree  was  o-iven  to  the  man-net  l)v  the  aii- 
proach  and  removal  of  a  screw-driver;  and  the  experiment  conducted 
in  the  usual  wav.  The  observer  sio^nalled  tlie  instants  of  transit  of 
the  middle  point  of  the  swing,  and  these  were  noted  down  by  the 
recorder,  who  was  posted  at  the  other  extremity  of  the  tent  with  the 
chronometer.  The  eye  and  ear  method  is  no  doubt  more  accurate,  the 
observer  himself  recording-  the  transits  ;  1)ut  to  this  there  is  the  objec- 
tion  that   the  chronometer  must   be  brought   close   up  to  where  the 
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observer  is,  thereby  producing  a  possible  magnetic  disturbance.  A 
specimen  slieet  is  liere  reproduced  of  a  single  complete  experiment 
for  determining  the  horizontal  force.  Tlie  torsion  and  arc  corrections 
are  apjilird  in  llic  usual  way;  and  the  time  correction  is  applied  so 
as  to  ivduce  the  time-unit  at  once  to  tlie  mean  solar  second. 

As  already  mentioned,  it  was  found  most  convenient  to  take  the 
vibration  experiment  before  the  deflection  experiment,  thereby  saving 
tlie  time  necessary  for  the  adjustment  of  the  swinging  magnet.  From 
the  first  recorded  swing  to  the  last  deflectiiw  adjustment  the  whole 
experiment  toDk  23  minutes.  * 

The  observations  of  Dip  were  made  in  the  usual  way.  Tiie 
maofnetization  of  the  needle  was  reversed  liv  means  of  the  larj^e 
magnets  tliat  form  an  essential  part  of  the  apparatus.  It  might  be 
remarked,  however,  that,  if  the  electromagnetic  declinometer  is  used, 
it  wouM  be  much  more  convenient  for  the  observer  to  provide  himself 
with  a  suitable  coil  f  )r  revei'sing  the  magnetization  of  the  dipping 
needle.  The  large  magnets  would  not  then  be  recpiired,  and  the 
necessity  done  away  with  of  constantly  removing  them  15  or  20  yards 
from  the  tent  whenever  a  declination  experiment  was  to  be  made. 
For,  cluscd  tlunigh  these  magnets  are,  they  cause  an  appreciable 
disturbance  within  a  distance  of  a  few  yards  from  tlie  magnetometer. 

On  the  occasions  on  which  a  series  of  observations  of  the  dip 

•  It  is  impossible,  I  believe,  to  go  through  these  operations  witli  tlie  Kew  Instrument  so 
rapidly  as  tliis.  The  f:;ain  of  time  with  Mr.  Tanakadate's  instrument  seems  to  be  in  the 
deflection  experiment,  iu  wliich  the  small  deflected  magnet  is  much  more  quickly  damped 
than  is  possible  mth  the  comjiaiutively  large  magnet  used  in  the  Kew  Instrument  In 
my  opinion  there  is  quite  an  unnecessary  amount  of  manipulation  required  in  using  tlu; 
Kew  Magnetometer  as  at  present  constructed.  A  small  magnet  mounted  in  a  manner 
siuiilar  to  Mr.  Tanakadate's  hardly  ever  requires  a  renewal  of  the  suspension  line»,  delicate 
though  that  is.  It  requires  but  to  be  placed  in  position,  and  the  deflection  experiments 
begun.  A  slight  modification  iu  this  direction  would  enable  us  to  dispense  with  the  deflec- 
tion box  altogether,  and  considerably  shorten  the  time  requiri.'d  to  uiake  a  deflectiou 
experiment.     [C.  O.  K.] 
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wns  tnken,  tho  n/.iiniitli  \vns  nd justed  every  tliird  observation.  Tliis 
is  certainly  sufficient  ;  since,  as  is  well  known,  a  small  error  in  the 
azimuth  causes  an  error  in  the  dip  of  a  higher  order  of  small 
quantity.  * 

To  make  the  observations  that  :ire  necessary  for  findinsf  the 
astronomical  meridian,  all  the  magnetometric  ])ieces  of  ajiparatus  must 
be  (listuMiitled  and  the  theodolite  telescope  mounted  in  po.siti(jn.  (See 
I'late  A^T,  Fi«?  4.)  The  observations  were  made  as  much  as  possible 
on  stars,  since  it  is  idways  objectionable  to  expose  such  an  instrument 
to  direct  solnr  light  ;ind  bent.  Then,  again,  there  is  more  chance  of 
instrument'd  error  when  the  theodolite  is  turned  into  the  prime  ver- 
tical, inasmuch  as  all  the  declination  observations  in  this  country 
liapjien  to  be  made  near  the  meridian. 

In  general,  the  perfection  of  observati<in  nimed  at  was  to  obtain 
transits  of  eight  conveniently  destributed  stars  across  an  ap[)roximate 
meridian,  and,  by  combining  these  observations,  deduce  the  values  of 
the  four  unknown  quantities, — the  clock  error,  the,  two  nzirnuth 
errors,  and  the  collimation  error. 

The  approximate  meridian  was  found  by  taking  two  transits  of 
Polaris,  the  telescope  being  reversed  by  turning  the  Y's  through  IcSO^ 
between  the  two  transits.  The  mean  of  the  two  aziuuiths  read  was 
taken   as   correspond irjg  to   the  instnnt    midwny  between  the   noted 


*  The  following  proof,  from  its  simplicity,  may  be  of  interest.  Let  V  be  the  vertical,  H  the 
horizontal  component,  and  0  the  dip  ;  then  tan  6  =  V  H.  Ti  the  plane  of  the  needle  makes 
a  small  angle  a  with  the  magnetic  moriilian,  the  apparent  dip  ö'  is  given  by  the  equation 

V               V    ,          a»  ^  a"- 

tan  9   -Heosa==  H"  ^^^  ~i   +  )  -  tan  9  +  tan»,  -j 

a - 
or,  (/  (tau'e)   ^   -  tiin  it.    ., 

which  gives  i\  o  —  —  sin  2  9.  -p 

If  WO  put  a  -  10',  which  is  ro.ighly  tho  range  of  the  diurnal  variation,  wo  find  for  the 
greatest  possible  value  of  d^,  the  utterly  insignificant  quantity  0"-4. 
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times  of  transit.  By  applying  a  clock  error  reckoned  from  the  pre- 
ceding set  of  ol)servations,  Ave  obtained  an  approximate  hour  angle  ; 
and  from  this  with  assumed  latitude  it  was  easv  calculatinn-  the  as- 
tronomical  azimuth  of  I?olaris.  The  finding  ot{  this  azimuth  was  much 
facilitated  l)y  the  use  of  a  table  of  Polaris  azimuths,  previously  pre- 
pared, and  tabulated  AA'ith  latitudes  and  hour  angles  as  arguments. 
On  applying  the  level  correction,  we  have  the  azimuth  to  a  first 
approximation.  This  value  was  used  to  set  the  instrument  in  the 
approximate  meridian. 

From  the  list  of  stars  given  in  the  Berlin  Yahrlmch,  four  stars 
were  now  selected — if  possil)le,  two  near  the  zenith  and  two  near  the 
horizon,  and  lying  in  pairs  on  each  side  of  tlie  zenith.  Each  star's 
transit  was  observed  across  three  of  the  micrometer  wùres.  Immediately 
after  the  last  transit  was  taken  the  star  was  bisected  by  the  horizontal 
wire  and  the  zenith  distance  read  otf  on  the  vertical  circle.  The 
striding  level  was  read  twice,  once  with  the  telescope  pointing  north, 
and  once  with  it  pointing  south.  The  level  in  connection  with  the 
vertical  circle  was  also  observed,  the  telescope  being  then  set  to  zero 
reading. 

The  azimuth  was  now  read,  and  the  Y's  turned  through  180°. 
Another  set  of  four  stars  was  chosen  and  their  transits  observed  in 
the  same  way. 

On  a  fine  night,  from  1},  to  2  hours'  observations  sufficed  for 
carrvino-  out  the  complete  transits  of  the  eio-lit  stars  :  and  from  these 
the  collimation,  azimuth,  and  clock  errors  could  be  calculated.  A 
similar  set  at  the  sajuo  sj)ot  the  next  night  fnrin'shed  tlie  means  of 
calculating  the  clock  rate. 

On  one  occasi(^n,  at  Mivazaki  (Xo.  GO)  the  clock  rate  was  olitain- 
ed  by  making  two  sets  of  ol)ser\ations  not  (jiiite  8  liours  apart — the 
one  set  in  the  eveninii'.  the  other  set  in  the  moniin"'. 
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From  the  Zcnitli  distance!^  of  the  observed  sturs,  the  latitude  of 
the  place  could  be  calculated  by  applying  the  u.sual  corrections — reduc- 
tion to  the  meridian  and  refraction. 

AVhen  a  «ufiticient  Jiumber  of  .stars  could  not  be  observed,  the  lirst 
observation  of  Polaris  was  utilized  for  the  purpose  of  obtaining  the 
aziniutli  to  a  closer  ap])roximation,  the  newly  e\;ilii;ited  clock  error 
and  latitude  being  employed,  and  the  calculation  made  without  the 
use  of  the  I'olaris  a/.imuth  table, 

xVt  four  stations  (Nos.  52,  5(),  07.  71)  observations  of  the  sun 
alone  were  possible.  In  these  cases,  the  local  time  was  determined 
from  altitude  obser\  ations,  and  the  azimuth  from  prime  vertical 
transits. 

On  two  occasions,  at  stations  ((iä)  and  («SO),  Polaris  was  ob- 
scrNcd  through  clouds  and  the  clock  error  was  assumed. 

Section  I  V. 
General  Kesults  of  the  Survey. 

I  now  pass  to  tlie  consideration  of  the  principal  residts  oblaincil. 

There  were  81  stations  in  all.  of  which  i){)  beloni'cd  to  the 
Northern  Tarty,  and  ^2  to  the  Southern,  the  recreaticjn  ground  of  the 
Imperial  University  being  a  cominon  station  to  l)oth  Parties.  'I'he 
Parties  might  with  e(pial  accuracy  be  termed  the  Eastern  and  West- 
ern Parties,  inasmuch  as  all  the  stations  of  the  former  lie  to  the  east  of 
the  longitude  line  138°  E..  tmd  (with  the  exception  of  three,  including 
Tokyo)  the  stations  of  the  latter  lie  to  the  west  of  that  line.  Iloughlv 
speaking,  this  line  separates  the  main  island  of  dapan  into  two  regions 
markedlv  ditferent  as  to  their  L-eoloiJ-ical  <haracters.  f'omi>ared  to 
the  Western  portion,  the  Eastern  and  ^s'orthcrn  portion  is  highlv  vol- 
canic.     Here,  consequently,  considerable  magnetic  disturbances  are  to 
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be  looked  for.  It  is  the  more  important,  then,  to  have  as  many  differ- 
ent stations  as  possible,  so  that  in  the  final  combining-  of  the  results 
a  good  selection  may  be  made.  This  conviction  grew  upon  us  more 
and  more  as  the  wc)rk  progressed,  as  may  be  inferred  from  the  less 
scattered  distribution  of  the  later  stations  as  com[)ared  with  that  of 
the  earher  ones.  Indeed,  only  by  a  much  closer  distril)ution  of  sta- 
tions can  we  hoi)e  to  make  out  anything  very  definite  regarding  the 
magnetics  characteristics  of  the  north-east  parts  of  Japan.  In  the 
subjoined  table  are  given  the  stations  with  their  latitudes  and  long- 
itudes. The  dates  on  whicli  the  observations  were  made  will  be  found 
in  the  detailed  tables  farming  Appendix  B  t(3  the  paper.  The  st;itions 
are  numbered  from  1  u[)  to  81  ;  Nos.  1  to  50  being  the  Northern  Party's 
stations  arranged  chronologically,  and  Nos.  50  to  81  the  Southern 
Party's  similarly  arranged.  In  the  other  tables  to  be  given  here,  the 
stations  will  usually  be  represented  by  their  numbers. 

After  the  individual  observations  were  finally  reduced,  rough 
charts  were  prepared  showing  the  broad  features  of  the  vari<3us  iso- 
magnetic  lines.  From  these  it  M'as  easy  to  tel]  where  the  principal 
centres  of  disturbance  lay.  Guided  by  this  and  other  considerations, 
a  selection  of  50  points  was  made.  These  are  indicated  in  the  four 
succeeding  tables  by  being  represented  in  thicker  type.  The  co- 
ordinates of  the  Mean  Station  of  these  fifty  chosen  stations  are: — 

Latitude 36°  30'  N. 

Longitude 137°    9'  E. 

Referred  to  this  Mean  Station  as  origin,  the  four  sets  of  fifty  ob- 
servations— representing  respectively  the  Dip,  the  Horizontal  Force, 
the  Total  Force,  and  the  Declination — were  combined  by  the  method  of 
Least  Squares.  Tlie  results  will  be  discussed  in  the  order  just  named. 
For  the  sake  of  showing  how  far  the  formula  deduced  from  the  50 
chosen   stations  is   applicable  to  tiie  remaining  31,  the  various  tables 
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Table  I. 

The    Co-ordinates   of  the    Stations. 


1. 

2 
3. 

4. 
5. 
G. 
7. 
8. 
•J. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 
25. 
2G. 
27. 
28. 
29. 
30. 
31. 
32. 
33. 
34. 
35. 
36. 
37. 
38. 
39. 
40. 
41. 


Station. 


Ishibashi  .... 

Yabuki  

Matsukawa  . 

Sliiraislii  .... 

Shiogauia  ... 

Isliiuouiaki    , 

Ichinoscki ... 

Hanaiuaki..., 

Moi'ioka 

Miyako  

Kuji  

Hachinohe  .. 

Gonohe  

Nobeehi 

Aomori  

Hakodate  .... 

Sapporo 

Kiitup 

Xeuniro 

Hirosaki 

Ödate 

Nôshiro 

Akita 

Karivvano  

Yokote   

Shimoinuai  . 

Shin jo  

Sakata 

Yamagata 

Yonezawa 

Oguni 

Xakajô 

Ebisu 

Niigata  

Kashiwazaki . . 

Sekiyauia  

Ueda  

Takanomachi . 

Kôfu  

Hara  

Hakoiio 


Latitude. 


36  25  54 

;i7   10  48 

37  47  42 

37  59  18 

38  19  38 
38  2G     8 

38  55  30 

39  25  0 
39  43     0 

39  38  48 

40  11  17 
40  30  12 
40  33  0 
40  52  19 

40  51     5 

41  46  30 
43  4  0 
43  4  33 
43  20  5 
40  35  30 
40  16  36 
40  12  30 
39  42  12 
39  33  48 
39  ]8  12 
39  3  0 
38  45  30 
38  57  31 
38  15  0 

37  54  30 

38  4  12 
38  1  12 
38  5  0 
37  51  1 
37  23  36 
36  56  0 
36  24  0 
3G  8  54 
35  39  0 
35  7  44 
35  12  30 


Longitvide. 


o     I 

139  52  15 

140  18  15 
140  23  45 

140  33  15 

141  2  15 
141  19  30 
141  2  24 
141  1  45 
141  8  0 
141  59  15 
141  48  0 
141  29  30 
121  15  15 
141  8  15 
140  44  45 

140  44  30 

141  22  45 
145  7  15 
145  35  15 
140  2J.  0 
140  28  15 
140  0  0 
140  4  15 
140  18  0 
140  25  15 
140  21  15 
140  14  45 

139  51  15 

140  16  45 
140  7  45 
139  42  15 
139  20  30 

138  26  15 

139  2  30 
138  32  0 
138  11  30 
138  14  15 
138  26  30 
138  35  45 

138  48  30 

139  1  30 


42. 

43. 

44. 

4.-. 

46. 

47. 

48. 

49. 

50. 

51. 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 

QS. 

69. 

70. 

71. 

72. 

73. 

74. 

75. 

76. 

77. 

78. 

79. 

80. 

81. 


Station. 


Latitude. 


Longitudt 


Otsu    35  15  48 

Hôjô   35     0  22 

Katsuiira  35     8     0 

Tôgane  35  33  30 

Chôshi  35  43     0 

Kioroslii    35  50  48 

Shimuiachi   36  17  12 

Öuiiya  35  54  18 

Tokyo 35  42  35 

Shimoda '  34  40  16 

Shimizu 35    0  10 


35  10  40 

34  30  25 

35  23  48 
34  39  20 
34  4  0 
33  32  50 


Xagoya  

Kamiyashiro. . 

Nagahama 

Hyögo 

Tokushiuia 

Kôehi 

Miuabe  ;  33  45    0 

Okayauui 34  38     0 

Hirosliima :  34  23  10 

Wakwan 3,-,     5 

Meiho [  35    4 

P"san I  35     7 

Fukuoka I  33  36 

Nakatsii 33  35 

Saganoseki I  33  14 

Hiohiyauiuia 32  25  15 

Miyazaki  ,  31  55  n 


0 

6 

36 

8 

8 

30 


Yatsushii'o  .... 

Nagasaki 

Hagi 

Hamada 

Matsue 

Imaiclii 

Kanômura 

Koj'auiaujuia .. 

Maizuru !  35  26  52 

Ol>aiuii !  35  30  20 

Shioya j  36  18     2 

Nanao '  37    3  19 


32  30  43 
32  45  0 
34  25     3 

34  53  41 

35  28  24 
35  21  35 
35  28  33 
35  31     6 


1 1 


139  42  30 

139  53  0 

140  19  1.-, 
140  21  45 
140  50  30 
140  9  30 
139  7  0 
139  36  30 
139  46  0 
138  57  15 
138  30  15 
136  55  0 
136  45  15 
136  46  0 
136  10  30 

134  35  0 
133  33  15 

135  20  0 
133  55  30 
132  27  0 
129  1  .3(» 

128  53  45 

129  3  0 

130  21  45 

131  11  30 
131  .53  15 
131  39  30 
131  26  30 

130  37  0 
129  52  30 

131  22  30 

132  5  45 

133  4  0 
132  50  0 

134  12  30 

134  10  30 

135  20  45 

135  44  45 

136  14  0 

137  0  15 
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comparing  the  observed  and  calculated  values  of  the  elements  contain 
ulso  these  31. 

Each  of  the  charts  representing  the  various  systems  of  lines  (see 
Plates  VI 11 — XI)  shows  two  sets  of  lines.  The  full  lines  are  the 
graphic  representation  of  the  Mean  Formula  for  the  whole  country 
worked  out  in  the  usual  way  by  the  method  of  Least  Squares.  The 
dotted  lines  give  a  better  idea  of  things  as  thcij  are,  being  drawn  by 
free-hand  inter[)olation  amono'st  the  neiofhbourina"  stations.  The  eve 
can  thus  tell  almost  at  a  glance,  not  only  to  what  degree  of  approxi- 
mation the  full  lines  agfree  with  the  true  state  of  thino's,  but  also  in 
what  parts  of  the  country  magnetic  disturbances  are  most  pnjnounced. 

In  combining  the  combinations,  I  assumed  linear  expressions  in 
longitude  and  latitude  for  the  Dip,  the  Horizontal  Force,  and  the 
Total  Force.  It  is  quite  clear,  however,  that  any  attempt  to 
represent  the  Declination  by  a  simple  linear  function  would  end  in 
utter  confusion.  On  the  Declination  Chart  (Plate  XI)  it  will  be  seen 
that,  roughly  speaking,  the  dotted  lines  run  parallel  to  the  general 
trend  of  the  country  itself  and  have  a  somewhat  parabolic  or  hyper- 
bolic form.  To  add  (jther  two  terms  involving  the  squares  of  both 
the  loni^itude  and  latitude  would  have  increased  the  labours  of  cal- 
culation  enorniously.  I  therefore  contented  myself  with  adding  a 
term  involving  the  square  of  the  longitude,  assuming,  so  to  speak,  a 
parabolic  curve  with  its  axis  parallel  to  a  meridian  line.  The  result 
was  uuicli  more  satisfactory  than  I  had  expected  it  to  be. 

In  the  working  out  of  the  calculations,  the  stations  were  all  of 
course  referred  to  the  mean  station  (  36°  30'  X.  Lat.,  137°  9'  E.  Long.), 
and  the  co-<jrdinates  were  expressed  in  angular  units.  From  the 
Formuhe  so  obtained,  the  lines  shown  on  the  charts  were  constructed. 
The  kilometre  was  then  taken  as  the  unit  in  which  the  co-ordinates- 
were  t(3  be  expressed,  the  particular  change-ratios   being  those  which 
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1\('1(1  for  tlic  Menu  Stati(in.      Tlie  lengtlis  in  kil<tinctrc.s  (»f  erne  niimiic 
ill  :ii-c  oi'  Infitudê  and  lonoitnde  at  that  station  are  : — 

1  minute  of  Latitude 1.8.5  kilometres. 

1        ,,        ,,    Longitude L49  „ 

This  transformation  of  units  l)eing  effected,  it  was  llien  easy  to 
fuid  tlie  angle  a1  which  any  given  iso-magnetie  line  at  the  ]\[eaii  Sta- 
tion cuts  the  meridian  line,  and  the  greatest  rate  of  change  per  kih^- 
metre  of  the  particidar  element  at  that  Station. 

L — The  Dip. 

The  fifty  selected  observations,  when  combined  hy  the  metliod 
of  least  squares,  ga\e  the  following  formula  expressing  the  Dip  (  (?) 
in  terms  of  the  co-ordinates  : — 

e  =  50°28'.6  +  (1.141  9  -  .1556  ;,)' 

9  and  Â  are  tlie  lafiru(k'  and  longitude  co-ordinates  referred  to 
Ihe  mean  station  (36°  30'  X.  Lat..  137^  0'  E.  Long.)  and  measured 
in  minutes  of  arc. 

In  the  annexed  table,  Table  XL,  the  values  of  the  Dip  as  observed 
at  all  the  stations  are  s'iven,  and  alons;  side  of  thom  the  values  as 
calculated  from  the  Formula. 

The  selected  stations,  on  which  the  calculation  depended,  are 
indicated  by  having  their  numbers  printed  in  heavier  type.  includ- 
ing the  other  stations  serses  to  indicate  to  what  degree  of  approxim- 
ation the  f)rmula  a])plies  to  them  also.  This  will  be  best  shown  hy 
giving  the  probable  cn-or  of  a  single  observation  in  the  different  cases. 

If  we   take    all    the    -Sf    stations,    the    j^robnlile   error  comes  out 

±    J   1    .OO. 

If  we  neglect  Xos.  .'^)!),  11.  and  78.  whose  differences  ai"(^  verv 
larg«'  indeed,  the  ])rol)able  error  hecomes  ±  S'.5I.       Xos.   ,')i)    and    41 
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nve  respectively  Kôfii  and  Hakone,  stations  wliicli  He  in  what  is  one 
OÏ  the  most  distiirhed  regions  in  Japan.  Hakone  indeed  is  quite  pe- 
culiar magnetically,  and  is  included  amongst  the  81  stations  more  as 
n  curiosity  than  otherwise.  It  is  situated  in  a  hilly  and  highly  vol- 
canic reofion  on  the  shores  of  a  deep  tarn-like  lake.  A  small  piece  of 
stone  ]ncked  up  from  the  ground  and  hrought  nenr  the  declination 
magnet  had  a  large  eifect  upon  it.  Neither  Kôfu  nor  Hakone  belong- 
to  the  selected  staticms.  No.  73,  liamada,  near  the  extreme  westerly 
end  of  the  country,  does  however  belong  to  the  selected  stations. 
It  will  be  noticed  that  the  contiguous  station,  No.  72,  Hagi  by  name, 
shows  also  a  large  difference  between  the  observed  and  calculated  va- 
lues of  the  Dip,  but  that  the  difference  is  positive  whereas  the  diffe- 
rence in  the  case  of  No.  73  is  negative.  The  same  approximate  bal- 
ancing of  differences  exists  also  in  the  case  of  Köfu  and  Hakone.  We 
shall  consider  this  point  more  in  detnil  subserpiently. 

If  we  take  into  account  (^nly  the  Fifty  selected  stations,  the  pro- 
bable error  is  ±  9 '.5 6. 

Four  of  the  selected  stations  stand  out  prominently  by  virtue  of 
their  large  differences.  These  are  Kashiwazaki  (  No.  35  ),  Hichiya- 
mura  (No.  68),  Tlngi  (No.  72)  and  Hamada  (No.  73).  If  we  ne- 
glect these,  the  probable  error  becomes  ±  6 '.96.  Hichiyamura  is 
one  of  the  Kyüshü  group  of  stations  (Nos.  65-71),  all  of  Avhich  lie 
in  a  very  volcanic  region  and  all  of  which  have  their  observed  Dips 
less   than   the   corresiionding  calculated   Dips. 

It  is  worthy  of  note  that  the  extreme  Yez<^  staticuis,  Kiitup  an<l 
Nenuuv^  (Nos.  18  and  19),  fit  in  remarkal)ly  well  with  the  general 
formula — better  indeed  than  do  the  less  extreme  stations  Hakodate 
and  Sapporo  (Nos.  16  and  17).  At  Hakodate  (which  is  one  of  the 
Fifty)  the  proximity  of  Hakodate  Peak,  a  hill  of  volcanic  rock  1,100 
feet  high,  might  well  be  n  source  of  disturbance.      At  Sapporo  again, 
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Table  II. 

The   Mean    Dips   for  all   the    Stations. 


Dip. 

Dip. 

station. 

Observed. 

Calculated. 

Diffe 

rence. 

Station. 

Observed. 

Calcu 

lated. 

Diffei 

enco. 

1 

0 

50 

7-3 

o 

49 

57-6 

o 

+ 

9-7 

42 

48 

33-8 

0 

48 

40.2 

o 

64 

2 

50 

573 

50 

45-6 

+ 

11-7 

43 

48 

32-6 

48 

204 

+ 

12-2 

3 

.'1 

138 

51 

15-0 

- 

1-2 

41 

48 

300 

48 

20-4 

+ 

42 

4 

51 

20-9 

51 

38-4 

- 

17-5 

45 

49 

25 

48 

540 

+ 

7-9 

5 

51 

48-7 

51 

570 

- 

8-3 

46 

48 

431 

49 

06 

— 

17-5 

0 

51 

5G-2 

52 

18 

- 

50 

47 

49 

32-5 

49 

150 

+ 

16-9 

/ 

52 

320 

52 

37-8 

- 

5-8 

48 

49 

560 

49 

56-4 

— 

0-4 

S 

53 

17-7 

53 

11-4. 

-r 

0-3 

49 

49 

390 

49 

25-2 

+ 

13-8 

0 

53 

10-9 

53 

31-8 

- 

20-9 

50 

49 

12-0 

49 

10.2 

+ 

1-8 

10 

53 

360 

53 

186 

H- 

17-4 

51 

47 

594 

48 

9-6 

— 

102 

11 

54 

7-4 

53 

576 

+ 

9-8 

52 

48 

41-3 

48 

36-6 

+ 

4-7 

12 

54 

23-3 

54 

21-6 

+ 

1-7 

53 

48 

58-2 

49 

30 

_ 

4-3 

13 

54 

39-4 

54 

27-6 

+ 

11-3 

54 

48 

10-8 

48 

25-2 

— 

84 

14 

54 

44-1 

54 

52-2 

- 

81 

55 

49 

17-6 

49 

24-6 

... 

7-0 

15 

54 

471 

54 

54-0 

- 

6-9 

55 

48 

42-3 

48 

44-4 

— 

2.1 

16 

55 

35-5 

55 

55-2 

- 

19-7   t 

57 

48 

0-4 

48 

4-2 

_ 

3-8 

17 

50 

41-5 

57 

18-6 

- 

37-1 

58 

47 

320 

47 

42-6 

— 

10-6 

18 

56 

48-4 

56 

44-4 

+ 

40 

59 

47 

40  3 

■\' 

40-8 

+ 

5' 5 

m 

57 

71 

56 

58-2 

+ 

8.9 

60 

48 

47-9 

48 

540 

— 

6  1 

20 

54 

24-6 

54 

378 

13-2 

61 

48 

39-6 

48 

50-4 

— 

108 

21 

54 

12-5 

54 

16-2 

3-6 

62 

50 

93 

50 

10-2 

_ 

0-9 

22 

54 

17-8 

54 

162 

+ 

1.6 

63 

50 

27() 

50 

10-8 

j- 

10-2 

23 

53 

37-6 

53 

19-8 

+ 

17-8 

04 

50 

1-2 

50 

13-8 

- 

126 

24 

53 

30-5 

53 

28-8 

+ 

1-7  . 

i       65 

48 

0-5 

48 

150 

— 

85 

25 

53 

50 

53 

11-4 

- 

0.4 

\      66 

48 

2-0 

48 

7-8 

— 

58 

26 

52 

5 11 

52 

52-8 

- 

17 

\      67 

47 

20-9 

47 

31-8 

13-9 

27 

52 

37-2 

52 

33-6 

+ 

3.0 

63 

40 

27-7 

46 

55  2 

27-5 

23 

52 

51-9 

52 

51-6 

+ 

•3 

69 

45 

51-3 

46 

10-2 

_ 

18-9 

23 

52 

1-6 

51 

58-8 

+ 

2-8 

70 

40 

40-0 

46 

58-2 

- 

18-2 

30 

51 

310 

51 

37-2 

- 

50 

71 

40 

57  1 

47 

21-6 

— 

245 

31 

51 

472 

51 

52-8 

- 

5-6 

72 

48 

41- 1 

49 

16-8 

— 

32-7 

32 

51 

49-2 

51 

52-2 

- 

30 

73 

50 

12-2 

49 

28-8 

+ 

43-4 

33 

52 

37 

52 

4-8 

- 

11 

74 

50 

1-8 

49 

58-8 

+ 

3  0 

34 

51 

56-9 

51 

47.4 

+ 

9  5 

75 

50 

13  I 

49 

540 

+ 

191 

35 

51 

55  4 

51 

16-2 

392 

70 

49 

43-4 

49 

49-8 

— 

04 

36 

50 

55-7 

50 

4S(i 

+ 

t .  1 

1 1 

49 

53-8 

49 

528 

+ 

10 

37 

50 

3-3 

50 

11-4 

- 

81 

1       '3 

49 

21.8 

4;t 

372 

124 

38 

49 

400 

49 

52  8 

- 

12-2 

!       79 

49 

30-4 

49 

37-8 

— 

7-4 

39 

50 

57 

49 

16-2 

+ 

495 

80 

50 

30-8 

50 

276 

+ 

32 

40 

48 

33-3 

48 

39  0 

- 

5-7 

81 

51 

151 

51 

12-6 

+ 

2.5 

41 

47 

25-7 

48 

42-6 

~" 

76-9 
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WO  were  compelled  liy  very  wet  weather  to  innke  onr  (observations  on 
the  stone  pillars  in  the  meteorological  observatory,*  and  this  may  have 
been  a  source  of  disturbance. 

If  we  now  express  the  c<vordirintes  in  kilometres,  the  Formula 
for  the  Di])  becomes 

d  =  50°  28'  .6  -f  (  .6168  9  —  .1044  X  )' 

Let  u  be  the  angle  between  the  Line  of  Equal  Dip  drawn  eastward 
and  the  longitude  line  drawn  northward  ;  and  let  r  be  the  rate  of 
change  of  Dip  per  kilometre  of  distance  measured  in  a  direction  per- 
pendicular to  the  Line  of  Equal  Dip  ;  then  we  find  in  the  usual  way 
for  the  menu  station 

n  =  S0°  23'  .6 
r  =     0'  .626 

IL  — The  Horizontal  Force. 

The  fifty  selected  observations,  when  combined  by  the  method 
(<f  least  s(|uares,  gave  the  following  formula  expressing  the  Horizon- 
tal Fo7-ce  (  H)  in  terms  of  the  co-ordinates  : — 

H  =  .29482  —  .0000617  9  —  .0000117  X 

7Î  is  measured  in  absolute  0.  G.  S.  electro-magnetic  units  ;  and 
?  and  ^,the  latitude  and  longitude  co-ordinates  referred  to  the  mean 
station  (06°  30'  N".  Lat.,  137°  9'  E.  Long.),  are  measured  in  minutes 
of  arc. 

In  the  annexed  table.  Table  III.,  the  values  of  the  Horizontal 
F^w(V  as  (ol^served  at  all  the  stations  are  given,  and  alongside  of  them 
the  values  as  calculated  from  the  Formula.  As  before  the  selected 
stations  are  indicated  by  having  their  numbers  printed  in  heavier  type. 

*  The  observatory  is  Imilt  wholly  of  wood;  l.nt  tho  tile-roof  or  the  stone  pillars  them - 
gejves  may  have  l)Pen  a.pprecia))ly  mao-netic. 
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Table  III. 
The  Mean  Horizontal  Forces  for  all  the  Stations 


1 

Horizontal  Force 

Horizontal  Force 

station. 

Obserred. 

Calculatttl. 

Difference. 

station. 

Observetl. 

Calculatt'cl. 

Diff 

renco. 

1 

.29113 

.29317 

— 

.00174 

'    42 

.29655 

.29762 

_ 

.<M»1("7 

2 

.28952 

.290(»9 

— 

57 

43 

.29630 

.29854 

— 

224 

3 

.28780 

.28830 

— 

51 

11 

.29i;o7 

.2976«» 

— 

153 

4 

.28830 

.28692 

+ 

138 

45 

.29533 

.29604 

— 

71 

5 

.28755 

.28531 

+ 

224  : 

1 

!   46 

.29696 

.29511 

-r 

185 

G 

.2S753 

.28470 

+ 

283 

47 

.29377 

.29510 

_ 

139 

7 

.2842(3 

.2S;io9 

+ 

117 

48 

.2ft3(;7 

.29420 

— 

53 

8 

.2H()32 

.2S13L' 

— 

100 

49 

j 

.29428 

.29528 

— 

100 

9 

.28180 

.28010 

+ 

170 

1   50 

.29642 

.29590 

+ 

52 

10 

.27870 

.27975 

— 

99 

51 

.29991 

.30033 



42 

11 

.27983 

.27789 

+ 

194 

52 

.30046 

.29942 

-f 

104 

12 

.27687 

.27695 

— 

8 

53 

.2Ü904 

.29980 



82 

13 

.27615 

.27695 

— 

80  '. 

54 

.30199 

.3(J247 



48 

14 

.27576 

.27576 

± 

0  ' 

55 

.30026 

.29950 

+ 

70 

15 

.27727 

.27615 

+ 

112 

5S 

.30295 

.30301 



6 

16 

.27318 

.27274 

+ 

44 

57 

.30603 

.305(!2 

+ 

41 

17 

.26766 

.26762 

+ 

4 

:   58 

.31006 

.30826 

+ 

180 

18 

.26667 

.2<;485 

+ 

182 

'    59 

.30494 

.30621 



127 

19 

.26025 

.26356 

— 

331  : 

1 

[   60 

.30455 

.30400 

+ 

55 

20 

.27819 

.27739 

+ 

80  ! 

61 

.30714 

.30592 

+ 

122 

21 

.27743 

.2784S 

I(t5  1 

(  12 

.30469 

.30576 

-  - 

107 

22 

.27854 

.2791« 

— 

54  ! 

63 

.3U663 

.305811 

+ 

74 

23 

.28275 

.28091 

+ 

184 

64 

.309(8 

.30556 

+ 

352 

24 

.28224 

.28127 

+ 

97  • 

65 

.3Î019 

.31031 

12 

25 

28309 

.28203 

+ 

100 

66 

.31000 

.30972 

+ 

27 

2G 

.28220 

.28313 

— 

87  1 

67 

.31137 

.31057 

+ 

80 

27 

.28524 

.28428 

+ 

96 

68 

.31367 

.31378 

— 

11 

28 

.28465 

.28381 

+ 

84 

69 

.31562 

.31577 

— 

15 

29 

.28651 

.28614 

+ 

37  : 

70 

.31490 

.31416 

+ 

74 

30 

.28830 

.28750 

+ 

86 

71 

.31392 

.31380 

+ 

12 

31 

.2«748 

.28721 

+ 

27 

!   72 

.3(1886 

.30657 

+ 

229 

32 

.28762 

.28765 

— 

03 

73 

.30045 

.30391 

— 

346 

33 

.28950 

.28807 

+ 

143 

74 

.30006 

.30148 



142 

34 

.28699 

.28823 

— 

124 

1   75 

.30022 

.30207 



185 

35 

.28878 

.29055 

— 

177  i 

'■         76 

.30144 

.3(Ml6(i 

+ 

78 

36 

.29152 

.29245 

~ 

93 

(  7 

.29984 

.30053 



69 

37 

.29629      .29442 

+ 

187 

78 

.30097 

.29996 

+ 

101 

38 

.29502 

.29528 

— 

26 

79 

.30018 

.2994<î 

-r 

72 

39 

.29261 

.20694 

— 

433 

80 

.29555 

.29621 

— 

06- 

40 

.30150 

.29873 

1 

-f- 

277 

81 

.29399 

.29284 

+ 

115 

41 

.30490 

.39827 

+ 

663 

1 
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If  we  take  all  the  81  stations,  the  mean  probable  error  of  a  sin- 
ofle  observation  comes  out  ±  .00108. 

If  we  throw  out  Xos.  39,  41  and  73,  which  are  again  conspicuous 
by  the  magnitude  of  their  Üitferences,  No. -Il  (  Hakone  )  being  espe- 
cially so,  the  i)robable  error  becomes  ±  .00091.  It  will  be  noticed 
that  No.  64,  one  of  the  Korean  stations,  is  more  conspicuous  even 
than  No.  73  in  res])ect  to  the  nrignitude  of  the  Difference  ;  and  that 
No.  19  (Nemuro)  d(jes  not  fall  far  short  of  it.  If  these  also  be  neglect- 
ed, the  probable  error  comes  out  ±  .00084. 

If  we  take  into  account  only  the  fifty  selected  stations,  the 
probable  error  is  ±  .00080. 

Here  four  Stn{i(ms  stand  out  prominently  })y  virtue  of  their  high 
differences.  These  are  Shiogama  (No.  5),  Höjö  (No.  43)  Ilagi  (No. 
72  )  and  Hamada  (No.  73  ).  If  we  neglect  these  the  probable  error 
becomes  ±  .00064. 

Two  of  these  four  neglected  Stations,  namely  Hagi  and  Hamada 
(Nos.  72  and  73  ),  were  also  amongst  the  Stations  that  were  similarly 
treated  in  tiie  discussion  «ff  the  Dip.  Kashiwazaki  (No.  35),  which 
was  one  of  the  four  neglected  in  the  discussion  of  the  Dip,  is  fairly 
prominent  also  by  reason  of  the  magnitude  of  the  diff'erence  between 
the  observed  and  calculated  Horizontal  Forces.  Hichiyamura  (No. 
68),  however,  the  remaining  one  of  the  four  neglected  Dip  observa- 
tions, is  characterised  l)y  an  exceptionally  small  difference  between  the 
observed  and  calculated  values  of  the  Horizontal  Force.  A  similar 
remark  applies  to  Shiogama  (No.  5)  and  Höjö  (No.  43),  whose 
Horizontal  Force  differences  are  large,  but  whose  Dip  differences  are 
comparatively  small. 

And  now,  expressing  the  co-ordinates  in  kilometres,  we  find 

H  =  .29482  —  .00003335  9  -  .00000785  X 
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From  this  we  obtain  the  tbllovviDg  values  for  the  inclination  of  the 
Line  of  Eqnnl  Horizontal  Force  to  the  direction  of  geographical  north, 
and  for  the  greatest  rate  of  change  «^f  Horiz<jntal  Ftnve  ])er  kilometre  : 

u  =  103°  14'.9 

r  =  .000034 


III. — The  Total  Force. 

Tile  Total  Forces  were  calculated  from  liic  Horizontal  Forces  and 
Dips  ;  and  the  values  at  the  fifty  selected  stations,  when  combined 
by  the  method  of  least  squares,  gave  the  following  expres.-iion  for  the 
Total  Force  (F)  in  terms  of  the  co-ordinates  :  — 

F  =  .46407  +  .000094  9  -  .000045  X 

F  is  measured  in  absolute  C.  G.  S.  electromagnetic  units  :  and 
9  and  X,  the  usual  geographical  co-ordinates  referred  to  tlie  Mean 
Station  (36°  30'  X.  Fat.,  137°  0'  E.  Long.),  are  measured  in  mi- 
nutes of  arc. 

Table  IV.  is  constructed  after  the  same  fashion  a>.  Tables  II. 
and  III. 

If  we  take  all  the  81  Stations,  the  mean  probable  error  of  a  sin- 
gle observation  comes  out  ±  .00128.  If  we  neglect  Xos.  11,  18,  and 
38,  which  are  conspicuous  l)y  tlie  hugeness  of  their  differences  the 
mean  probable  error  is  at  once  reduced  to  ±  .00099. 

If  we  take  into  account  only  the  fifty  selected  Stations,  the  mean 
probable  error  is  ±  .00089. 

It  will  be  noticed  that,  out  of  the  six  Station.s  (  Xos.  5,  35,  43. 
68, 1'l.  73)  which  were  conspicuous  in  Tables  IL  and  III.  by  the  mag- 
nitudes of  the  Differences,  only  one  is  so  distinguished  in  Table  W . 
With  the  exce})tion  of  Kashiwazaki  (Xo.  35),  these  Stations  just  enum- 
erated are  rather  to  be  distino-uished   bv  the   smallness  of  the  differ- 
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eiices  between  the  observed  and  calculated  valuer?  of  the  Total  Force. 

Running  our  eye  down  the  difference  colunnis  in  the  Dip  and 
Horizontal  Force  Tables,  we  are  struck  by  a  general  tendency  tor 
the  dirterences  at  any  one  h^cality  toha\e  opposite  signs.  That  is  to 
say,  where  the  observed  value  of  the  dip  is  greater  than  the  calculated 
value,  the  observed  value  of  the  horizontal  force  is,  in  the  majority 
of  cases,  less  than  the  calculated  value.  More  particularly,  (^f  the 
81  Stations  only  2 G  are  characterised  by  having  their  dip  and  hori- 
zontal force  differences  of  the  same  sign  ;  or,  if  the  selected  stations 
are  ahjiie  considered,  of  these  50  only  17  are  similarly  characterised. 
It  would  thus  appear  that  the  magnetic  disturbances  in  Japan  are 
of  a  nature  to  affect  the  direction  rather  than  the  amount  of  the  total 
force — a  result  cpiite  in  accordance  with  the  usual  laws  of  magnetic 
action.  In  this  connection  there  are  two  very  interesting  cases  that 
seem  to  call  for  special  remark.  To  bring  out  their  peculiarities  the 
m(jre  distinctly,  it  is  advisable  to  draw  up  in  tabular  form  the 
differences  (jnly  fjr  the  stations  that  are  to  be  discussed.  They  are 
as  follows  : — 


Station 

Differences 

No. 

Name 

Dip 

Hor.  Force    !   Total  Force 

1 

39 
41 

72 
73 

Köfu 

Hakoue 

Hagi 

Hamada 

+        49'.o 

-  76'.9 

-  32'.7 
+       43'. -1. 

-   •  00433 
+    ■  00663 

+    ■  00229 
_    .  U0346 

+   .  00075 
—   •  00104 

+    .  00035 
+    ■  (J007I 

These  form  })airs  of  contigU(3Us  })oints.  In  all  four  the  Dip  and 
Horizontal  Force  differences  are  exceptionally  large  ;  whereas  the 
Total  Force  Differences  are  all  distinctly  smaller  than  the  mean  proba- 
ble error  for   the   whole.      Here   we  have  evidence  in  both  cases  of  a 
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Table  IV. 

The  Mean  Total  Forces  for  all  the  Stations 


Total  Force 

! 

1 

Total  Force 

station. 

Observ«!. 

Calculated. 

J)ifference, 

station. 

Observed. 

Calculated. 

Difference. 

1 

.45454 

.45632 

— 

.00178 

42 

.44809 

.45017 

— . 

000208 

2 

.45961 

.45940 

+ 

21 

43 

.44754 

.44823 

— 

69 

3 

.45967 

.46263 

— 

296 

44 

.44690 

.44790 

— 

100 

4 

.46163 

.46329 

— 

166 

45 

.45053 

.45002 

+ 

51 

5 

.46479 

.46390 

+ 

89 

46 

.45009 

.44971 

+ 

38 

a 

.46635 

.46374 

+ 

261 

47 

.45272 

.45222 

+ 

50 

7 

.46729 

.46727 

+ 

2 

48 

.45624 

.45757 

— 

133 

s 

.46901 

.47001 

— 

100 

49 

.45452 

.45401 

+ 

41 

0 

.47023 

.47149 

— 

126 

50 

.45365 

.45255 

+ 

110 

10 

.46975 

.46879 

+ 

96 

51 

.44813 

.44887 

— 

74 

11 

.47746 

.47233 

+ 

513 

52 

.45515 

.45196 

+ 

319 

12 

.47548 

.47491 

+ 

57 

53 

.45554 

.45725 

— 

171 

13 

.47737 

.47583 

+ 

154 

54 

.45379 

.45391 

— 

12 

14 

.47763 

.47807 

— 

44 

55 

.46039 

.46025 

+ 

14 

15 

.48083 

.47895 

+ 

188 

56 

.45905 

.45903 

+ 

2 

16 

.48343 

.48414 

— 

71 

57 

.45741 

.45730 

+ 

11 

17 

.48743 

.48971 

— 

228 

58 

.45924 

.45714 

+ 

210 

18 

.48710 

.47967 

+ 

743 

59 

.45371 

.45358 

+ 

13 

19 

.47937 

.47986 

— 

49 

60 

.46234 

.46223 

+ 

11 

20 

.47800 

.47837 

— 

37 

61 

.46499 

.46485 

+ 

14 

21 

.47438 

.47642 

— 

204 

62 

.47555 

.47800 

__ 

245 

22 

.47728 

.47730 

— 

2 

63 

.48155 

.47829 

+ 

326 

23 

.47677 

.47423 

+ 

254 

64 

.48104 

.47821 

+ 

283 

24 

.47458 

.47283 

+ 

175 

65 

.46455 

.46604 

, 

149 

25 

.47130 

.47120 

+ 

10 

66 

.46359 

.46380 



21 

26 

.46741 

.46980 

— 

239 

67 

.45956 

.45990 



34 

27 

.46984 

.46845 

+ 

139 

68 

.45536 

.45588 

— 

52 

28 

.47151 

.47064 

H- 

87 

69 

.45316 

.45365 



51 

29 

.46564 

.46550 

+ 

14 

70 

.45887 

.45920 



33 

30 

.46350 

.46398 

— 

48 

71 

.45988 

.46256 



268 

:u 

.46473 

.46603 

. — 

130 

72 

.46828 

.46793 

+ 

35 

32 

.46530 

.46673 

— 

143 

73 

.46941 

.46870 

+ 

71 

3.-? 

.47088 

.46952 

+ 

136 

74 

.4(5710 

.46929 

— 

219 

34 

.46564 

.46698 

— 

1.54 

75 

.46920 

.46930 

— 

1(» 

35 

.46825 

.46536 

+ 

289 

76 

.46628 

.46621 

.}- 

7 

36 

.46252 

.46368 

— 

116 

77 

.46546 

.4()658 

— 

92 

«7 

.46147 

.46057 

+ 

90 

78 

.46260 

.  4(13(12 



42 

38 

.45591 

.46250 

— 

659 

79 

.46227 

.•1<;22.S 

— 

I 

39 

.45612 

.45537 

+ 

75 

80 

.46478 

.46542 

— 

64 

40 

.45550 

.45187 

+ 

363 

81 

.46971 

.17039 

— 

68 

41 

.45069 

.45173 

— 

104 
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very  ohvioii S  Icind  of  disturbance.  Take,  for  example,  the  first  pair. 
Köfii,  the  more  northerly  station,  has  an  increased  dip  and  a  diminished 
horizontal  force  ;  Avhereas  Hakone.  the  more  soutlierly  station  has  a 
diminished  dip  and  an  increased  horizontal  force.  Now  this  is 
exactly  whnt  Avonld  happen  if  between  the  two  stations  there  existed 
material  t^f  magnetic  ]ierrneability  greater  than  the  average  for  the 
earth's  crust.  But  avc  know  that  these  stations  are  separated  by 
rocks,  which  presumably  belong  to  the  Aolcanic  system  of  Fnji-yama, 
and  are  almost  certainly  highly  magnetic.  It  is  not  at  all  surprising 
to  find  such  huge  disturbances  ;  but  it  is  peculiarly  interesting  to  find 
that  the  disturbance  in  the  Dip  largely  accounts  for  the  disturbance 
in  the  horizontal  force,  the  total  force  being  comparatively  slightly 
affected.  This  Köfu-Hakonc  disturbance  falls  in  remarkably  well 
with  our  preconceived  ideas  as  to  the  perturbing  effect  of  volcanoes 
upon  magnetic  distribution. 

The  other  pair  of  stations,  Hagi  and  Hamada,  present  exactly 
the  same  magnetic  features.  Thus  it  is  Hamada,  the  more  northerly 
station,  which  has  the  increased  dip  and  the  diminished  horizontal 
force.  It  corresponds  therefore  to  Köfu.  Magnetically  considered, 
Hamada  and  Hagi  are  just  a  repetition  of  Köfu  and  Hakone.  But 
here  the  likeness  apparently  ends  ;  for  between  Hamada  and  Hagi  no 
important  mass  of  volcanic  rocks  is  known  to  exist.  Of  course 
there  are  magnetic  rocks  other  than  volcanic  ;  and  the  apparent 
absence  of  the  latter  does  not  necessarily  imply  the  absence  of  the 
former.  All  we  can  say  is  that  between  Hagi  and  Hamada  a  more 
than  usually  magnetic  mass  lies. 

A  careful  scrutiny  of  the  various  tables  of  differences  does  not 
reveal  any  distinct  tendency  for  the  stations  to  occur  in  gri^ups, 
excepting  in  one  case  only.  That  exceptional  group  embraces  the 
Kyushu  stations.     For  them  both  the  dips  and  total  forces  are  smaller 
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tliîin  the  mean  formula  re(|uirt'.s.  Tlii.s  may  have  some  .significance. 
From  the  pretty  scattered  (li.stribulion  of  the  stations  we  slionld  liardly 
expect  to  find  them  adjusting  themselves  into  groups  characterised 
by  similar  errors.  The  disturbances  are  generally  of  such  a  local 
character  that  they  must  almost  certainly  affect  in  different  Avays  the 
magnetic  elements  at  stations  which  are  never  very  close  together. 

And  now  expressing  the  co-ordinates  in  kilometres  we  find,  for 
the  Total  Force, 

F  ---  .4G407  +  .0000508  9  -  .0000302  X 
from  which  we  obtain,  as  in  the  other  cases, 

u  =  59°  !()'  .5 

r  =  .000059 

IV.  — The  Declination. 

As  already  stated,  it  is  impossible  to  regard  tlje  Declination  as  at 
all  expressible  by  means  of  an  equation  involving  only  first  powers 
of  the  co-ordinates.  Fortunate! v  for  the  labours  of  calculation,  the 
general  form  of  tlie  isogonic  lines  for  Japan  may  be  taken  as  fairly 
parabolic.  On  this  assumption,  then,  the  fifry  selected  observations 
were  combined  by  the  method  of  least  scpiares,  and  the  result  is 
emb<jdie(l  in  the  following  formula  expressing  the  Declination  (  6  )  in 
terms  of  the  co-ordinates  :  — 

Ô  =  4°  53'  .3  +  (.241  9  -  .109  A-  -  .000231  X')' 

The  latitude  and  longitude  coordinates  (  ?,  A,)  are  reterrc«!  to 
the  Mean  Station  (  36°  30'  N,  Lat.,  137°  9'  E.  Long.)  and  measured 
in  minutes  of  arc. 

Table  y.  is  constructed  in  the  same  fashion  as  Table  II.,  111. 
and  1\'. 

If  we  take  into  account  all  the  79  observations — at  two  of  the 
Stations  (Nos.  7  and  37)  the  Declination  could  not  be  observed — the 
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mean  probable  error  comes  out  ±13'  A.  There  are  three  Stations, 
however,  which  have  such  large  differences  that,  when  they  are 
neglected,  the  me;ai  probable  error  is  reduced  to  ±  8'.  These  Stations 
are  Miyako  (No.  10),  Hakone  (No.  41)  and  Pusan  in  Korea  (No. 
(64).  The  manner  in  wliich  the  declinations  at  these  Stations  di- 
verge from  the  values  given  by  the  formula  suggests  local  disturbances 
of  quite  a  limited  area  of  action.  This  is  peculiarly  true  of  Ilakone 
(No.  41).  That  the  disturbance  at  Pusan  (No.  64)  is  of  quite  a 
local  character  is  proved  by  the  fact  that  at  the  contiguous  stati(jns 
(Nos.  62  and  63)  the  differences  are  comparatively  small.  Miyako 
(No.  10)  is  another  striking  instance,  for  Avhich,  liowever,  no  certain 
conclusions  can  be  drawn  as,  unfortunately,  «observations  at  neigh- 
bouring points  were  not  taken. 

This  whole  region  indeed,  lying  loetween  the  tliirty-eighth  and 
forty-first  parallels  of  latitude — and  more  especially  the  centra]  and 
eastern  portions  of  it — seems  to  be  one  of  marked  magnetic  disturb- 
ance. It  is  highly  volcanic  and  contains  nearly  a  score  of  distinct 
volcanoes,  of  which  four  are  especially  prominent.  These  are*  Iwaki- 
san  (  5,260  ft.  )  in  the  northwest  near  Hirosaki  (  No.  20  ),  Ganju-san 
(  7,000  ft.  )  in  the  centre  near  Morioka  (  No.  9  ),  Moriyoshi-san  (5,800 
ft.)  to  the  south  of  Odate  (No.  21  ),  and  Chökai-san  (7,100  ft.  )  to 
the  north  of  Sakata  (  No.  28  ).  This  great  spread  of  volcanic  rock, 
however,  is  confined  entirely  to  the  Central  and  Western  portions. 
The  Kita-kami  Hiver,  which  flows  from  its  sources  a  little  to  the 
north  of  the  fortieth  parallel  due  south  to  Ishinomaki  (No.  6),  is 
virtaallv  the  dividins:  line  between  the  volcanic  and  non-volcanic 
deposits.  In  the  hilJy  country  t(3  the  east  of  tliis  river  the  rocks  are 
largely   schists  and  granites.     Nevertheless  in  this  part  also  the  dis- 

*  See  Professor  Milne's  "  The  Volcanoes  of  Japan,"  Transactions  of  the  Seismological 
Society  of  Japan  Vol.  XI.  (  1886). 
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Declination  West. 

Declination  West. 

station 

Observed. 

Calculated. 

Difference. 

station. 

Observed. 

Calculated. 

Difference. 

1 

o 

4 

1-6 

o 

4 

28-3 

267 

42 

o 

4 

19-2 

o                / 

4     13-3 

+ 

59 

2 

4 

3  IT, 

4 

3tG 

— 

31 

43 

4 

23-4 

4       76 

+ 

15  8 

3 

4 

290 

4 

39G 

— 

10  0 

44 

4 

15 

4       50 

— 

35 

4 

4 

337 

4 

43-4 

— 

97 

45 

4 

13-6 

4     100 

+ 

36 

5 

5 

OÔ 

4 

41-7 

+ 

23-8 

46 

4 

19-2 

4       6-5 

+ 

129 

n 

5 

41 

4 

39-9 

+ 

24-2 

47 

4 

25-9 

4     167 

+ 

92 

7 

— 

4 

50  G 

— 

48 

4 

457 

4     34-2 

+ 

117 

S 

5 

252 

4 

57-9 

.f 

273 

49 

4 

35-9 

4     24-0 

+ 

11-9 

n 

5 

25 

5 

11 

+ 

1-4 

50 

4 

210 

4     191 

+ 

1-9 

10 

5 

47-0 

4 

47-9 

+ 

591 

51 

4 

130 

4     12-4 

+ 

■6 

11 

4 

37-7 

4 

58-G 

20-9 

52 

4 

21 

4     207 

— 

186 

12 

4 

32-6 

5 

11-4 

— 

.38-8 

53 

4 

31-9 

4     357 

— 

3  8 

13 

4 

57-7 

5 

10-9 

— 

13-2 

5'i 

4 

21-8 

4     27-0 

— 

.5-2 

14 

5 

31-7 

5 

17-4 

+ 

14-3 

55 

4 

451 

4     42-5 

J. 

26 

15 

5 

222 

5 

22-0 

+ 

"2 

5S 

4 

34-1 

4     3G-4 

— 

23 

16 

5 

31-3 

5 

35-3 

— 

40 

57 

4 

26-0 

4     29-5 

— 

35 

17 

G 

00 

46-2 

+ 

138 

58 

4 

20-8 

4     23-8 

— 

30 

IS 

4 

460 

4 

43-3 

+ 

2 '2 

59 

4 

30- 1 

4     23-4 

+ 

67 

19 

4 

21-3 

4 

37-8 

— 

lG-5   : 

60 

4 

381 

4     38-8 

— 

7 

20 

5 

23  3 

5 

22-4 

+ 

•9 

61 

4 

271 

4     355 

— 

8-4 

21 

5 

15-7 

5 

16-9 

— 

1-2    ! 

G2 

4 

250 

4     31-4 

— 

6-4 

22 

5 

323 

5 

21-6 

+ 

107 

63 

4 

427 

4     301 

+ 

12-6 

23 

5 

93 

5 

13-4 

— 

41 

64 

3 

36-6 

4     327 

— 

5G1 

24. 

5 

9-2 

5 

90 

+ 

■2 

65 

4 

17-8 

4     17-6 

+ 

'2 

25 

5 

231 

5 

4-0 

J_ 

191 

66 
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tiirbances  in  the  Declination  are  very  marked.  Tliere  is  no  evidence 
whatever  of  a  Declination  less  than  5°  W.  until  we  reach  the  stations 
on  the  North  East  Coast.  That  is  to  say,  the  isogonic  line  of  5°, 
wdiich  general  considerations  would  lead  us  to  expect  to  run  right 
across  the  region  from  S.  W.  to  N.  E.,  seems  to  form  an  extra  distinct 
contour  round  the  schistose  granitic  portion  on  the  East.  The  declina- 
tions at  Hanamaki  (Xo.  7)  and  Miyako  (No.  10)  are  especially  large. 
So  great  in  fact  was  the  value  of  the  declination  at  Miyako — ^^just  ab(uit 
a  whole  degree  greater  than  was  expected — that  at  first  sight  it  looked 
like  a  misreading  of  a  whole  degree  on  the  azimuth  circle.  Three 
distinct  observations,  however,  were  taken  at  this  station — two  by 
means  of  the  sun  and  one  (three  transits  in  all)  by  means  of  Polaris. 
All  the  values  agree  to  within  7',  so  that  the  large  value  of  the  decli- 
nation is  undoubted.  This  peculiarity  may  be  purely  local,  or  it  may 
be  of  wider  extent.  Our  stations  are  not  sufficiently  mnnerous  to 
enable  us  to  C(mie  to  any  sure  conclusion  on  this  point.  It  should  be 
mentioned  that  a  little  to  the  south  of  Miyako  considerable  c[uantities 
of  irori  ore  are  known  to  exist. 

If  we  take  account  only  of  the  50  selected  Stations,  the  mean 
probable  error  of  a  single  observation  is  ±  7'.  Three  of  the  Stations 
are  conspicuous  by  reason  of  the  largeness  of  the  différences  between 
the  observed  and  calculated  values.  These  are  Ishibashi  (No.  1  ), 
Shiogaina  (  N"o.  5  )  and  llachinohe  (  No.  12  ).  It  will  be  noticed  that 
the  declination  at  Shiogama  is  greater  than  is  given  l)y  the  formula, 
and  that  the  declination  at  Hachinohe  is  less.  These  Stations  lie  res- 
pectively at  the  extreme  South  and  at  the  extreme  North  of  the  region 
of  schists  and  granites  that  has  just  been  discussed.  Only  a  number 
of  observations  at  neiohbourino'  localities  could,  however,  determine 
whether  the  peculiarities  presented  by  Shiogama  and  llachinohe 
belong  to  a  genernl   svstem   or  nre  to   l)e  regarded  as  purely  lornl. 
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Resfnrdinîr  Tsliihnshi  it  seems  difficult  at  first  to  siiocore.st  a  cause  of  such 
a  large  (liscre])an('y.  The  Declination  ohserved  here  was  (neglecting 
the  îdtogether  peculiar  Hakone)  the  second  smallest  observed  by  the 
Northern  Party.  Being  the  very  first  station  of  the  whole  survey,  it 
was  feared  f^r  a  time  that  some  mistake  had  been  made  by  the 
oljserver.  To  make  sure  of  this  Mr.  Nagaoka  was  despatched  to- 
wards the  end  of  September  to  Ishibashi  to  make  a  redetermination 
of  the  Declination.  The  observation  was  made  at  a  slightly  difi;erent 
locality  ;  and  the  declination  was  measured  at  0.45  a.  m.  by  means  of  a 
Sun's  Azimuth.  The  result  did  not  difter  by  one  minute  from  the 
value  as  found  in  June  by  means  of  Polaris.  Here  again,  then,  there 
can  be  no  question  as  to  the  very  peculiar  smallness  of  the  Declination 
at  Tshiljashi.  Geologically  considered  Ishibashi  lies  just  within  the 
Eastern  wing  of  the  "  Schaarung"  (so  called  by  Süss),*  within  which 
lie  the  volcanic  regions  of  Japan.  The  boundary  between  this  vol- 
canic region  and  the  non-volcanic  region  to  the  East  is  the  continuation 
to  the  south  of  the  similar  boundary  already  described  as  coinciding  in 
position  Avith  the  Kita-kami-gawa.  Xow,  although  to  all  appearance 
Ishil)ashi  is  situated  on  alluvial  soil,  yet,  according  to  the  geologists, 
it  just  lies  within  this  Schaarung.  Hence  it  is  quite  probable  that 
volcanic  rocks  exist  liidden  from  view  but  so  distributed  as  to  cause 
a  distinct  magnetic  disturbance.  The  values  of  the  deolinatitui  ob- 
tained Ijy  Sekino  throughout  this  regi<m  show  consideraljle  irregula- 
rities, Ishibashi  itself  being  characterised  by  a  declination  somewhat 
smaller  tlian  the  average.  His  value  for  this  station  (namelv,  4° 
16'  .6)  is,  however,  much  larger  than  ours.  \\\' nuist  therefore  cii her 
assume  a  change  of  15'  or  so  in  five  years,  or,  wluit  is  much  more 
probable,  a  very  local  source  of  dist  in-bance. 

If  we    neglect    these   three   stations   (Nos.  1,   5,  12)  the  mean 

*  See  Dr.  Naumann's  Pamphlet  already  mentioned,  pa^e  17  ;  also  Professor  Koto's  Paper 
already  pnlilishod  in  this  Volume. 
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probal)le  error  becomos  ±  5'  .9 — n  value  hy  no  means  eonsiderahje  in 
the  circumstances. 

This  seems  the  natural  place  to  refer  to  Dr.  Xaumann's  discussion 
of  the  iso-map-netic  lines  of  Japan  in  relation  to  its  geology.  Basing 
on  the  broad  features  of  Sekino's  chart,  IS^aumann  finds  in  the  form 
of  the  isoo-onic  line  of  5°  W.  a  close  relation  to  the  so-called  Fossa  Mckj- 
na.  Just  where  this  grent  break  in  the  geological  continuity  of  the 
country  occurs,  there  a  large  sinuosity  seemed  to  show  itself  on  the 
isoo-onic  line.  This  Fossa  Magna  almost  stretches  right  j'.cross  the 
central  part  of  Japan  in  a  nearly  north  and  south  direction.  Fuji- 
yama is  mcluded  in  it  and  so,  it  is  generally  supposed,  is  the  line  of 
volcanic  islands  stretching  south-easterly.  The  Fossa  Magna  hardly 
reaches  the  Northern  coast  of  Japan  ;  but,  if  continued  northwards, 
it  wonld  be  found  to  run  between  the  Peninsula  of  Notc^  on  the  west 
and  the  Island  of  Sndo  on  the  east.  Now  it  is  just  at  this  region 
that  Sekino's  5°  Isogonic  line  makes  a  great  bend  to  the  north, 
doublinp'  back  just  over  the  islnnd  of  Sado  and  then,  after  an  easterly 
sweep,  continuing  north-easterly  across  the  country.  It  is  extremely 
doubtful  whether  the  observations  warrant  such  a  delineati(^n  of  the 
line  of  5°  Declination.  A  careful  scrutiny  of  Sekino's  numbers  brings 
out  certain  discrepancies  which  should  not  nltogerher  be  neglected. 
Further,  there  is  a  complete  lack  of  observations  nlong  the  coast  to  the 
south  and  south-west  of  Sado — just  where  observations  seem  most 
called  for.  The  stations  chosen  are  all  inland,  and  show  striking 
irreo-ularities  in  the  values  of  the  declinations.  True,  the  declinations 
at  the  tlu-ee  Stations  on  Sado  are  all  considerably  less  than  the  values 
at  maiidand  stations  immediately  to  the  east  ;  whereas  we  should 
expect  to  find  them  greater.  P)Ut  that  seems  hardly  a  sufficient 
reason  for  making  the  isogone  of  the  form  represented.  For  it  is  well 
known   that  the  isogonif    lines  at    and   near    islands  often   present 
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irregularities  of  (jiiite  u  local  ilcseriptiijii,  liciice,  in  dclaiilt  of 
evidence  which  could  only  be  obtained  by  a  series  of  observations 
along  the  coast  of  the  maiji  island,  it  seems  to  me  more  prudent  to 
draw  the  isoi^onic  line  of  5°  fairlv  normal  and  re!)resent  the  disturb- 
ance  due  to  Sado  by  a  small  is;)Iated  contour  round  that  island.  In 
this  way  it  is  shown  on  our  charts.  In  sh(jrt,  knowing  as  we  do  that 
an  island  is  enough  by  itself  to  cause  considerable  distiirljances,  we 
are  justified  in  explaining  the  peculiarities  that  are  as  being  due  to 
the  existence  of  the  Ishmd  of  Sado  rather  than  to  the  existence  of  the 
Fossa  Magna.  Indeed  tliere  does  not  seem  t<j  l)e  any  very  extrain'di- 
narv  disturbance  after  all  in  this  rec^ion.  There  are  as  marked 
disturbances  in  the  north  of  Japan,  Avhere  no  Fossa  Magna  exists  ; 
and  these  disturbances  tind  a  sutHcient  explanation  in  the  presence 
of  volcanic  rocks  of  all  kinds.  A  mountainous  volcanic  reo"ion  is 
certain  to  present  magnetic  irregularities  ;  and  in  Japan  there  are  two 
regions  specially  to  be  noted  as  such.  A  glance  at  the  four  charts 
will  at  once  pick  them  out.  The  one  is  the  great  central  mountainous 
region,  just  where  the  Fossa  Magna  is.  The  other  is  the  part  between 
the  o8th  and  40th  parallels  ;  Init  here  there  is  nothing  geologically 
comparable  to  the  Fossa  Magna.  If  [)eculiarly  abnormal  irregularities 
had  been  found  to  exist  in  the  central  retrion  only,  there  miuht  have 
been  reas(3n  in  connecting  them  with  a  very  peculiar  geological  struc- 
ture. l)Ut,  since  the  northern  region  is  quite  as  abnormal  mairnetically 
as  the  central  one,  the  most  logical  course  is  to  look  upon  these 
abnormalities  as  due  to  something  common  to  them  b(jtli.  And  this 
connnon  element  is  sini[)ly  a  prodigitjus  de\eIo[)ement  of  ^■olcanic  rocks. 
There  are  six  stations  which  may  be  said  t<j  belong  to  the  central 
hilly  region.  These  are  Sekiyama,  Ueda,  Takanomachi,  Kôfu,  Ilara, 
and  Hakone — Nos.  36  to  41  inclusive.  Excepting  Hara,  which  is  on 
the  coast,  these  stations  all  lie  at  considerable  elevations.      Thus  Seki- 
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yauui  and  KöfLi  arc  nearly  1000  feet  above  the  «ea-level  ;  Ueda  is 
about  1500  ;  Takarnniiachi  and  Hakone  ab<3ut  2500.*  It  is  not 
surprising  then  that  at  the  two  last-named  places  the  values  of  the 
various  magnetic  elements  should  be  so  distinctly  abnormal.  Takano- 
machi  lies  just  on  the  northern  side  of  the  water- shed,  which  here 
divides  the  basins  of  the  Fuji-kawa  and  Shinano-gawa.  Immediately 
to  the  south  the  high  mountains  are  crossed  by  a  pass  -1,500  feet 
high  ;  and  on  the  other  side  of  this  pass  lies  Nagasawa  (3,100  feet), 
where  an  observation  of  Dip  was  made.  This  Dip  (  see  Appen- 
dix 1j)  is  remarkable  for  its  smallness,  being  half  a  degree  sjualler 
than  the  Dip  at  Takanomachi,  and  a  whole  degree  smaller  than  the 
Dip  at  Kofa.  In  fact,  just  where  it  is  most  mountainous,  there  are 
to  be  found  the  greatest  magnetic  irregularities.  It  is  impossible  of 
course  in  the  circumstances  of  the  case  to  decide  as  to  whether  heis'ht 
itself  has  a  direct  influence  on  the  values  of  the  magnetic  constants. 
The  volcanic  nature  of  the  rocks  is  more  than  enouirh  to  account  for 
all  irregularities. 

Another  very  interesting  grinip  of  stations  is  the  Korean  group. 
Here  there  are  three  [)rincipal  stations,  Wakwan,  Mêlio,  and  Pusan 
(  Nos.  62,  Go,  ()4  )  ;  but  quite  a  number  of  observations  were  made  at 
points  in  the  near  neighb(.)urhood.  These  are  given  in  the  complete  lists 
in  Appendix  B.  Excepting  Meho,  all  these  stations  lie  on  the  shores 
of  Pusan  Harbour.  This  harbour  is  formed  by  a  bay  opening  to  the 
south  with  a  large  island  lilting  up  fully  half  the  entrance.  On  a 
shar[)ly  projecting  cape  pointing  towards  the  northwest  end  of  the 
island  lies  Wakwan,  the  Foreign  Settlement.  At  the  head  of  the  bay, 
some  3  miles  to  the  north  is  Pusan  itself;  while  due  east  from 
Wakwan  about  3  miles  across  the  bay  is  Kurosaki  with  Kurosaki  Cape 

*  These  heights  are  estimated  from  aneroid  observations  made  during  the  survey,  taken 
ill  combination  with  the  daily  charts  of  the  meteorological  office,  which  furnish  the  sea-level 
readings  of  pressure  for  the  whole  of  Japan. 
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half  a  uiile  further  .south.  On  the  euuterii  .shore  of  Chearegdow — as 
the  large  island  already  mentioned  is  called — lies  Oniizutare,  looking 
over  against  Kurosaki  Cape.  A  Hrtle  to  the  south  is  Shiinokijinia, 
that  is  Shiinoki  Island,  helping  to  fill  in  the  s[)ace  between  Cheareg- 
dow and  Kurosaki.  Shiinokijinia  is  ahout  half  a  inih',  long  ;  and  the 
observations  were  taken  at  tlie  extreme  southwestern  and  iiorthe:istern 
ends.  Thus  Wakwan,  Pusan,  Kurosaki,  Kurosaki  (^ij)e,  Shiin(jkijima 
Cape,  Shiinokijinia  and  Oniizutare  form  a  circle  of  points  surrounding 
Pusan  Harbour  ;  and  no  two  t)f  them  are  further  distinit  from  one 
another  than  four  (jr  five  miles.  Within  this  very  limited  area  very 
strikino-  irreo-ularities  exist.  The  declination  varies  bv  nearlv  a  whole 
degree  ;  the  dip  by  fidly  the  same  amount  ;  the  horizontal  force  by 
1.5  per  cent,  of  the  whole  value.  Perhaps  the  most  striking  irregu- 
larity of  all  is  that  displayed  by  the  value  of  the  dip  at  Shiinokijiina 
Cape  as  compared  with  the  values  at  Shiinokijinia  proper  (half  a  mile 
U)  the  south-west)  and  at  Kurosaki  Cape  (a  mile  and  quarter  to  the 
north-north-east).  As  Mr.  Tanakadatehas  pointed  out,  the  difference 
of  fully  a  degree  in  the  dips  at  the  two  Capes  suggests  a  kind  of  horse- 
shoe magnet  witli  its  poles  at  these  points.  The  whole  series  of 
observations  is  a  very  good  example  of  the  powerful  effect  of  l<3cal 
disturbances.  It  should  be  said  that  the  wliole  district  is  quite  hilly 
and  craggy. 

We  shall  now  follow  a  very  usual  custom  and  grouj)  our  .stations 
according  to  the  geological  character  of  the  rocks  in  their  neighbour- 
hood. This  can  only  be  done  in  a  very  general  way,  since  the  geology 
of  Japan  is  still  known  but  in  the  broid.  There  is,  of  course,  no 
doubt  as  to  the  geological  characteristics  of  some  stations  ;  but  there 
are  many  regarding  which  we  can,  by  study  of  the  geological  map, 
draw  no  very  sure  inferences.  The  following  grouping  of  stations  is, 
therefore,  only  a  tentative  one.     Three  groups  are  distinguished.     In 
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the  first  group  stations  with  andoubted  volcanic  surroundings  are 
inckided.  In  the  third  we  put  stations  which  areas  characteristically 
non-volcanic.  The  rocks,  in  this  case,  may  be  schist  or  granite,  or 
stratified  rocks  of  some  determinable  o^eolosfic  ao'e,  includin";  alluvium. 
The  second  group  includes  what  may  be  termed  the  doubtful  stations. 
They  may  be  resting  on  non-volcanic  rocks  or  soil,  but  so  close  to 
rocks  of  truly  volcanic  origin  as  to  warrant  us  in  regarding  them 
almost  as  belonging  to  the  first  group.  It  is  highly  probable,  indeed, 
that  a  station  lying  near  the  edge  of  a  stretch  of  volcanic  rocks  should 
be  characterised  by  considerable  irregularities  in  its  magnetic  elements. 
Hence  the  doubtful  or  intermediate  second  group  may  easily  compare 
in  the  magnitude  of  its  mean  errors  with  the  first  group.  The  groups 
are  as  follows  :  — 

Group  I. — Volcanic  :  Shiogama,  Ichinoseki,  Hanamaki,  Morioka, 
Gonohe,  Nobechi,  Aomori,  Sapporo,  Nemuro,  Odate,  Kariwano, 
Yokote,  Shimo-innai,  Shinjo,  Yamagata,  Ebisu,  Sekiyama,  Takano- 
machi,  Köfu,  Hakone,  Otsu,  Höjö,  Shimoda,  Wakwan,  Mëho,  Pusan, 
Nakatsu,  Hichiyamiira,  Nagasaki,  Nanao. 

Group  II. — Intermediate  :  Yabuki,  Matsukawa,  Shiraishi,  Hachi- 
nohe,  Hakodate,  Hirosaki,  Noshiro,  Akita,  Kashiwazaki,  Ueda,  Hara, 
Hagi,  Kanömura,  Koyamamura,  Shioya. 

Group  III. — Non-volcanic  :  Ishibashi,  Ishinomaki,  Miyako,  Kuji, 
Kiitup,  Sakata,  Yonezawn,  Oguni,  Nakajô,  Niigata,  Katsuura,  Töga- 
ne,  Chöshi,  Kioroshi,  Shimmachi,  Omiya,  Tokyo,  Shimizu,  Nagoya, 
Kamiyashiro,  Nagnhama,  Hyögo,  Tokushima,  Köchi,  Minabe,  Okaya- 
ma,  Hiroshima,  Fukuoka,  Sagancjseki,  Miyazaki,  Yatsushiro,  Hamada, 
Matsue,  Imaichi,  Maizuru,  Obama. 

The  mean  proljable  errors  for  the  ditferent  groups  are  given  in  the 
following  tables — the  first  being  based  on  the  results  for  all  the  sta- 
tions, the  second  taking  account  of  the  fifty  selected  stations  only. 
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For  all  the  Stations. 


Group  I. 

Group   II. 

Group  III. 

Dip     

14'.:3 
8'.9 

ir.5 

8'.4 
G'.8 

llDri/ontal  Force    

.00135 

.00095 

.00089 

.00095 

.00082 

Total  Force 

.00142 
.00117 

.00117 

.00130 
.00082 

Declination  

19'.2 
1  o'.3 

10'.3 

9'.5 
6'.7 

AYhere  two  ditlerent  values  for  tlie  mean  probable  error  are  given, 
the  second  is  calculated  after  those  stations,  which  are  characterised  by 
veri/  large  differences  between  the  observed  and  calculated  values, 
have  been  thrown  out.  Thus  in  group  I,  Nos.  39  and  41  are  neg- 
lected in  the  calculation  of  the  second  values  for  the  I)i[)  and 
Horizontal  Force  ;  No.  38  for  the  Total  Force  ;  and  Nos.  41  and  64 
for  the  Declination.  In  Group  XL  there  were  no  stations  prominent 
by  the  relative  hugeness  of  their  differences.  In  Group  III,  No.  73  is 
neglected  for  the  Dip  and  Horizontal  Force  ;  Nos.  11  and  18  for  the 
Total  Force:   atid  No.  10  for  the  Declination. 


For  the  Fifty  Stations  only. 


Group  I. 

Group  II. 

Group  III. 

Dip 

7'.5 
.00075 
.00111 

ir.o 

13'.4 

.0008 1 

.00114 

0'.3 

8'.9 

.00082 

.00074 

5'.7 

X        

Horizontal  Force  

Total  Force   

Declination   

The  general  conclusion  to  be  deduced  from  both  these  tables  is 
that  the  mean  probable  error  is  greater  the  more  volcanic  the  region. 
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We  shall  now  bring  together  for  ease  of  reference  the  values  of 
the  elements  for  the  mean  station,  the  directions  in  which  the  iso- 
magnetic  lines  pass  through  this  station,  and  the  maximum  rate  of 
change  of  each  element  per  kil(jmetre  of  distance.  The  tabulation  of 
the  declination  constants  offers  some  difficulty,  as  the  isogonic  lines 
are  not  straight  l)ut  paraboUc.  If,  however,  we  express  the  latitude 
and  longitude  co-ordinates  in  kilometres,  we  obtain  the  following 
transformed  expression  for  the  declination  :  — 

0  =  4°  53'.3  +  [.1303  9  -  .0732  X  -  .000104  X']' 
From  this  we  may  estimate  the  constants  u  and  r,  not  only  for  the 
mean  station,  l)ut  also  for  other  stations.  It  is  easy  to  see  that  the 
values  of  u  and  r  will  be  the  same  for  all  points  having  one  and  the 
same  longitude.  In  this  way  the  following  table  has  been  constructed  ; 
u  being,  as  formerly  defined,  the  angle  made  by  the  direction  of  the 
iso-mao"netic  line  drawn  eastward  and  the  meridian  line  drawn  north- 
ward,  and  r  representing  the  rate  of  change  per  kilometre  in  a  direction 
perpendicular  to  this  line. 


The  Constants  for  the  Mean  Declination  at 
different  longitudes. 

Longitude  of  Point. 

u 

r 

130° 
134° 
138° 
142" 
140° 

114°  37' 
83°  39' 
55°  39'.9 
38°  33'.2 
28°  lO'.ß 

.143 
.131 
.158 
.209 
.277 

And,  finally,  collecting  the  results  for  the  mean  station  (  36°  30' 
N.  lat.  and  187°  9'  E.  long.),  we  have  the  following  condensed  table 
of  the  magnetic  constants  of  the  mean  station  as  calculated  from  Fifty 
selected  stations  conveniently  distributed  over  all  Japan. 
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The  Magnetic  Constants  for  the  Mean  Station. 


Dip 

Horizontal  Force 

TcT:il  Force    

Declination   


Me  au  Value. 

u 

r 

50°  28'.ß 

80°  23'.6 

0'.626 

.29182 

103'  14'.9 

.0i)00313 

.16407 

59'  16'.  5 

.0000591 

i"  53'.3 

60°  lo'.i; 

OM  to 

V. — The  Diurnal  Variation. 

Plates  XTT  to  XV  show  graphically  the  daily  march  «»f  tlie 
Dec]iiiati(m  at  various  Stations,  as  ohserved  l)y  ^Ir.  Tanakadate.  For 
the  earlier  curves  comparatively  few  points  Avere  taken  ;  but  as  tlie 
survey  progressed  the  ol)servation  of  successive  declinations  was  found 
to  he  such  a  simple  matter  with  the  electromagnetic  declinometer  thai 
Mr.  Tanakadate  made  it  a  special  feature  of  his  work.  Fhe  chief 
value  of  such  observations  in  the  present  case  is  that  fi-om  them  a 
thoroughlv  good  mean  for  the  day  may  be  obtained.  As  a  Avhole, 
the  c  rves  are  of  a  character  which  speaks  well  for  the  accuracy  and 
sensitiveness  of  Mr.  Tanakadate's  instrument.  The  sensitiveness 
indeed  depends  simply  and  solely  upon  the  fineness  of  graduation  on 
the  theodolite  circle.  In  iudi^ing  of  the  merits  of  the  curves,  we  must 
bear  in  mind  the  conditions  of  the  experimenf.  Foi'  not  only  will 
any  possible  magnetic  storms  disturb  the  general  smoothness  of  the 
observations,  but  also  windv  and  wet  weathei-  will  almost  certainly 
cause  disturbances  in  measurements  made  by  an  instrument  mounted 
0!i  an  ordinary  tripod  under  a  teut. 

Taking  the  17  lu'st  and  most  complete  sets  of  observations  (see 
Appendix  1>).  we  find  for  the  mean  daily  range  for  tlic  three  months 
beginning  July  4th  the  value  81  This  is  about  1'  greater  than  the 
mean   diurnal  range  obtained  by  Mr.  Wada  during  his  five  months  of 
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observîition  in  1883.  In  the  circumstances  we  may  regard  tlie  con- 
ditions of  the  diurnal  variation  as  essentially  the  same  in  the  years 
1883  and  1887. 

It  will  be  noticed  that  the  curves  obtained  at  Wakwan  (No.  62) 
and  Meho  (  No.  63  ),  two  of  the  Korean  Stations,  have  peculiarly  large 
ranges — nearly  11'  in  both  cases.  The  two  curves  are  so  similar  and 
so  smooth  that  it  is  difHcult  to  believe  their  exceptional  character  to 
be  other  than  a  real  thing.  It  will  be  further  noticed,  however,  that 
during  the  nnrnth  of  August  generally  the  diurnal  range  is  distinctly 
greater  than  the  mean  just  given.  We  may,  indeed,  by  grouping  the 
different  sets  of  observations  according  t(j  uKKiths,  obtain  an  indica- 
tion of  the  annual  chano-c  of  range.  These  monthly  means  of  diurnal 
rangfe  are  as  follows  : — 


Month. 

Number  of  Sets  of 
Observations. 

INIean  of  Diurnal 
Eange. 

.July 

4 
6 
(> 
1 

8' 

9'.  5 
6'.9 

(r.5 

Aviffust    

Seütember 

October  

Even  if  we  were  to  throw  out  the  two  excessive  Korean  values, 
the  Auo'ust  mean  W(mld  still  be  distinctlv  higher  than  the  Julv  or 
Septeml)er  mean,  being  in  fact  8'. 8.  All  this  is  quite  in  accordance 
with  well  established  facts.* 

There  is  one  other  feature  presented  by  Mr.  Tanakadate's  curves, 
which  seems  worthy  of  remark.  It  is  that  the  hour  of  maxinuim 
deviaticm  appears  to  come  distinctly  earlier  in  the  later  curves.  This 
is  espacially  well  marked  in  the  curves  on  Plate  XIV.  At  Hagi, 
Hamada,  Matsue,  indeed,  the  maximum  seems  to  fall  at  noon  instead 


*  Compare  Table  VI.  in  Art.  Meteorologt,  (Section  Terrestrial  Magnetism),  Encyclo- 
paedia Britannica  (Ninth  Edition.) 
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of  between  1  and  2  p.  ni.  as  i«  u.sualjy  the  case.  Whether  ihi.s  is  a 
local  peculiarity  or  not  cannot  of  course  be  decided  from  the  material 
to  hand  ;  but  the  otherwise  unexceptional  character  of  the  o])ser\  a- 
tion.s  would  lead  us  to  regard  this  feature  also  as  something  that  has 
a  real  existence.  In  any  case,  however,  it  is  of  interest  to  tind  that 
satisfactory  self-consistent  (observations  of  diurnal  variation  c:in  be 
made  during  a  rapid  magnetic  survey,  and  that,  notwithstanding  the 
continual  change  of  locality,  the  observations  are  sufficiently  precise 
to  indicate  the  monthly  march  of  the  diurnal  range.  This  is,  of 
course,  quite  to  be  expected  if  there  is  truth  in  the  view  so  strongly 
advanced  by  Jîalfour  Stewart,  and  supported  by  Schuster's  interesting 
application  of  the  Gaussian  theory — the  view  that  the  diurnal  varia- 
tion is  chiefly  due  to  electrical  movements  in  the  upper  regions  of  the 
atmosphere.  In  such  a  case,  local  conditions  should  have  a  compa- 
ratively small  influence. 

On  two  occasions  the  Southern  l\artv  took  hourlv  observations 
of  both  the  Horizontal  Force  and  Dip.  The  observations  are  given 
in  detail  in  the  complete  taljles  in  Appendix  B.  As  they  do  not 
seem  to  bring  out  at  all  distinctly  the  well  known  features  of  the 
diurnal  changes,  they  can  only  be  regarded  as  materials  for  obtaining 
a  specially  good  mean  for  the  day.  They  have,  consequently,  not 
been  shown  graphically.  The  two  sets  of  hourly  measurements  of 
the  Horizontal  Force  mny  be  however  useful  as  an  indirect  means  of 
finding  the  temperature  co-efficients  of  the  moment  of  the  marv^et 
employed.  The  determination  at  Hiroshima  gave  the  following  ex- 
pression for  the  magnetic  moment  (M)  of  the  magnet  in  terms  of 
the  temperature  (t)  in  degrees  centigrade  : — 

M  =  488.25  —  .28()  (t—28)  +  .003  (  ^— 28  )-' 
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Section  V. 
Comparison  of  Present  with  Former  Results. 

This  Section  will  necessarily  be  a  short  one,  inasmuch  as  magnetic 
measurements  made  in  Japan  have  been  somewhat  hmited  in  number. 
Excepting  the  observations  made  by  Messrs.  Sekino  and  Kôdari,  and 
tlie  few  made  by  Mr.  Schutt  already  referred  to,  no  complete  satisfac- 
tory (observations  have  been  made  at  any  stations  out  of  Tokyo. 

During  the  vari(Mis  expeditions  sent  out  from  year  to  year  by 
the  Tokyo  University  for  the  measurement  of  the  force  of  gravity  by 
pendulum  swinging,  attempts  were  made  at  the  same  time  to  obtain 
measurements  of  certain  of  the  magnetic  constants.  The  first  ex- 
pedition of  this  kind  was  to  the  top  of  Fuji-yama  under  the  direction 
of  Professor  Mendenhall.  This  was  in  the  year  1880.  In  1881, 
Messrs.  Tanakadate,  Fujisawa,  and  Tanaka,  then  students  of  physics, 
who  had  rendered  efficient  service  in  the  first  expedition,  proceeded  to 
Sapporo  accompanied  Ijy  Professor  Chaplin,  and  there  made  like 
(observations  on  gravity.  In  1882,  the  expedition,  consisting  of  Mr. 
Tanakadate,  and  two  students  of  Physics,  Messrs.  Sakai  and  Yama- 
guchi,  proceeded  to  Kagosliima  and  Naha,  in  the  extreme  South-west 
of  Ja|)an.  And  finally  in  188-i,  Mr.  Tanakadate  accompanied  by 
Messrs.  Sawai,  Ilayasaki,  and  Saneyoshi,  three  students  of  Physics, 
proceeded  to  the  Bonin  Islands  and  there  swung  their  pendulums. 
In  all  these  expeditions  magnetic  measurements  of  a  kind  were  made. 
In  the  third  expedition  only  was  any  attempt  made  to  measure  the 
dip.  This  was  done  by  balanchig  the  inductive  action  of  the  earth's 
field  upon  an  iron  wire  by  means  of  a  current  circulating  in  a  helix 
surrounding  the  wire.  The  wdre  and  hehx  were  placed  alternately 
vertical  and  horizontal  ;  and  the  ratio  of  the  current  strengths 
required  to  effect  the  balance  in  the  two  cases  gave  the  tangent  of  the 
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angle  of  dip.  In  the  other  expeditions  the  dip  was  not  measured. 
Excepting  at  the  Donin  Islands  the  horizontal  force  was  measured  by 
swinging  various  magnets  which  had  been  already  swung  at  Tökvö, 
and  which  were  again  swung  at  Tokyo  on  the  return  of  the  Party. 
The  declination  was  observed  at  Kat^osliima  and  Xaha  bv  means  of 
an  ordinary  theodolite  needle,  the  compass  card  being  graduated  only 
to  half-degrees.  At  the  Bonin  Islands,  however,  the  measurements  of 
the  horizontal  force  and  of  the  declination  were  of  a  much  hiüher  order 
of  merit.  Here,  indeed,  Mr.  Tanakadate  used  his  first  form  of  electro- 
magnetic declinometer  ;  and  carried  out  complete  series  of  deflection 
and  vibration  experiments  for  the  determination  of  the  horizontal 
force.  The  accounts  of  these  various  determinations  are  sriven  in 
the  Memoirs  of  the  Science  Department  of  tlie  Tokyo  University 
(Nos.  5  and  7)  and  the  several  Appendices  to  Xo.  5.  For  the  sake  of 
comparison  the  results  are  here  reproduced.  The  Horizontal  Forces 
as  given  for  all  except  Bonin  are  calculated  on  the  assumption  that 
the  Horizontal  Force  at  Tokyo  was  .2964.  This  was  the  value  ob- 
tained by  the  Bonin  Island  Party  before  they  started  on  the  expedition, 
and  agrees  perfectly  with  our  (jwn  value. 


station.                   Year. 

Dip. 

Horizontal  Force. 

DecHuatiou, 

Fuji-yama  Top       1880. 

Sapporo  1881. 

Kagosliima 1882. 

Naha   1882. 

Boniu 1884. 

44°  56' 
38°  19' 

.2810 
.2659 
.3131 
.3354 
.3166 

3°  18'.5   W. 
2°25'.5    „ 
2"    3'.  13  „ 

The  latitudes   and  lon^^itudes  of  the  last  three  stations  are   as 


follows 


Latitude  N. 

Kagoshima 31°  35'  30" 

Naha 26    12      6 


] 


)onin 


27      4    11 


Longitude  E. 

130°  30'  10" 
127    40      0 
139    45    45 
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The  value  of  the  Horizontal  Force  on  the  top  of  Fiiji-yama  is 
ahout  5  per  cent  snialler  than  wc^uld  l)e  the  case  at  a  normal  station 
at  its  hase.  In  the  ahsence  of  measnrements  of  Dip  it  is  inipossihie 
to  interpret  the  result.  The  vahie  for  Sai)poro  is  distinctly  smaller 
than  the  value  ohtained  hy  us  ;  hut  it  would  hardly  he  safe  to  draw 
any  conclusion  from  their  comparison.  The  other  stations  lie  quite 
outside  the  region  surveyed  hy  us.  We  may  however  compare  the 
measurements  made  with  the  values  given  hy  means  of  the  mean 
formulae  which  have  heen  calculated.     Tlie  results  nre  g-[\en  in  the 


fdlowinsr  tahle 


Dip. 

Kao'oshima 45°  55'. 4 

Naha 40   13   1 

l)onin 


Horizontal  Force. 

.8170 
.3396 
.3262 


Declination. 

3°  47'.2 
2°  11'.5 
r  43'. 6 


If  we  compare  these  calculated  values  with  the  ohserved  values 
given  ahove,  we  see  that  jSFaha  stands  the  test  hest,  at  least  so  far  as 
the  Horizontal  Force  and  Declination  are  concerned.  Especially  as 
regards  the  latter,  Naha  tits  in  fairly  well  into  the  general  system. 

The  circuit  of  Stations  at  which  Mr.  Schiit t  made  his  observations 
in  1880  may  he  said  to  touch  our  route  in  only  one  place — and  that 
a  very  exceptional  place,  namely,  Hakone.  A  general  comparison, 
h(^wever,  of  the  mean  values  for  the  district  is  possible.  Thus  the 
Dips  give  a  mean  of  49°  41' — about  half  a  degree  greater  than  what 
is  indicated  by  the  isoclinic  lines  as  shown  on  our  chart  (  Plate  YIII) 
The  mean  of  the  declinations  is  4°  19' — about  10'  smaller  than  the 
value  as  given  by  the  mean  formula,  'l'hese  ditferences  are  of  a 
magnitude  in  no  way  extraordinary,  seeing  that  the  district  is  so  highly 
volcanic.  Hence  how  much  of  these  ditferences  may  be  referable  to 
secular  variation  during  eight  years,  it  is  quite  impossiI)le  to  say.     The 
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meun  Horizontal  Force  obtained  by  Mr.  Scbiitt  for  the  same  region  i.s 
.30717,  the  mean  of  two  determinations  for  Tokyo  l)eino-  .30743. 
This  vaUie  is  so  mucii  hirgcr  than  all  other  values  ever  ol)served  by 
ditfererit  experimentahsts,  that  we  are  ainnjst  forced  to  regard  it  as 
erroneous,  and  to  refer  tiie  discre[xiney  to  some  uncorrected  instru- 
mental error.  No  other  measurement  of  îlie  Horizontal  Force  in  or 
near  Tokyo  has  given  a  vahie  grentin-  than  .3 — usually  indeed  from  1 
to  2  per  cent  smaller. 

So  far,  then,  we  have  no  sure  e\i<lcnccof  any  marked  secidar 
variations.  It  remains  to  compare  the  results  of  the  present  survey 
with  those  obtained  by  Messrs.  Sekino  and  Kodari  during  the  winter 
months  of  1882  and  1883.  As  îdready  mentioned  their  Survey  was 
not  conducted  with  a  due  rejj-ard  to  a  fair  distribution  of  Stations 
over  the  whole  country.  Many  of  our  Stations  accordingly  lie  quite 
outside  tlie  routes  pursued  by  them.  Indeed  of  our  81  stations  only 
27  can  be  regarded  as  coincident  with  any  of  theirs.  A  few  of  these 
are  only  roughly  coincident,  but  near  enough  to  allow  of  a  compari- 
son being  instituted.  The  following  is  the  list  of  these  27  Stations. 
It  will  be  noticed  that  after  some  of  these,  bracketted  names  are 
inserted.  These  bracketted  names  üive  ^Ir.  Sekino's  stations  which 
are  near  enough  to  ours  to  warrant  a  compiu'ison  being  made. 

List  of  Common  Stations. 

Hakodate,  Aomori,  Nobechi,  Gonohe,  Morioka.  Hanamaki,  Ya- 
magata,  Yonezawa,  Niigata,  Ebisu,  Ishinomaki,  Shiogama,  Shiraishi, 
Ishibashi,  Shimmachi  [  Takasaki  ],  Shimizu  [  Ukitsu,  Shizuoka], 
Nagoya,  Hyögo  [Koljc],  Köchi,  Hiroshima,  Fukuoka  [  Koyanose, 
Yamae],  Saganoseki,  Hososhima,  Miyazaki,  Nagasaki,  Yatsushiro 
[  ]\Iiyanobania  ],    Shioya    [  Komegawaki  ]. 
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The  method  of  comparison  was  the  shnplest  that  could  be 
imagined.  Sekino's  vahies  of  the  maofnetic  elements  at  any  station 
were  subtracted  from  the  corresponding  values  obtained  on  the  present 
Survey.  This  gave  a  series  of  differences  for  each  set  of  elements. 
The  algebraic  sum  of  these  differences  may  then  be  assumed  to  give 
some  hint  as  to  the  existence,  at  any  rate,  of  a  secular  variation. 

As  regards  the  Dip  there  is  a  distinct  tendency  for  the  differences 
to  be  negative.  That  is,  our  values  are  on  the  whole  smaller  than 
Sekino's.  Thus,  out  of  the  27  Stations,  there  are  only  four,  for 
which  our  values  of  the  dip  are  greater  than  his.  Dividing  the  alge- 
braic sum  of  all  the  differences  by  the  number  of  stations  we  get  for 
the  average  difference  —8'. 8  or  — 7'.0,  according  as  we  include  or 
neglect  Hakodate,  for  ^Yhich  the  difference  (  as  much  as  — 1°10'.4) 
is  peculiarly  large.  We  may  therefore  regard  this  — 7'.0  as  an  indi- 
cation that  the  dip  is  subject  to  an  annual  diminution  of  about  2'  per 
year.  This  does  not  agree  with  the  results  of  the  observations  made 
at  the  Naval  Observatory,*  which  hint  rather  at  a  rate  of  increase. 

As  regards  the  Horizontal  Forces,  again,  there  is  a  marked  ten- 
dency for  the  differences  to  be  positive,  six  only  out  of  the  twenty- 
seven  beinir  neofative.  The  mean  difference  is  +  .00091  ;  or,  in  other 
words,  our  values  are  greater  than  Sekinos  by  fully  one-third  per  cent. 
This  means  an  annual  rate  of  increase  of  .00023.  This  result  is  in 
agreement  with  the  result  already  indicated  by  the  observations  made 
at  the  Naval  Observatory. 

The  differences  obtained  by  a  comparison  (^f  the  Total  Forces  are 
very  nearly  as  often  positive  as  negative.  The  general  drift,  however, 
is  in  the  negative  direction  ;  so  that  the  Total  Force  seems  to  be 
subject  to  a  mean  diminution  of  —.00012  per  year. 


*  As  this  paper  was  passing  through  the  press,  this  Observatory  was  incorporated  with 
the  University,  and  is  now  known  as  the  Tokyo  Observatory. 


MAGNETIC  SURVEY  OF  JAPAN.  227 

In  discussing  the  Declinations  we  come  face  to  face  with  the 
objection  already  touched  upon  (see  Section  I),  namely,  the  lack  in 
the  earlier  survey  of  any  atteui])tat  obtaining  a  really  good  mean  daily 
value  at  every  station.  If  we  take  the  vahies  as  they  are  given  in 
]\Ir.  Sckino's  lists,  we  shall  iind,  on  the  whole,  absoUitcly  no  indica- 
tion of  a  secular  variation.  The  mean  difference  is  — U'.07,  an 
altogether  insignificant  cjuantity.  If,  liowever,  we  apply  ])ro1jable 
corrections  to  the  observations,  so  as  to  reduce  them  to  the  daily  mean, 
the  mean  difference  will  be  +  0.8, — that  is,  an  increase  of  0'.2  ])er 
year.  As  regards  the  declination,  then,  we  may  conclude  that,  within 
the  period  beginning  1883  and  ending  1887,  there  is  practically  no 
change,  or  if  there  is,  it  is  a  very  small  change  indeed.  It  looks 
almost  as  if  we  were  just  passing  through  a  time  of  maximum 
declination. 

Finally,  it  may  be  remarked  that  a  comparison  of  our  results 
with  those  of  other  experimenters  leads  to  the  conclusion  that  within 
the  present  decade  there  are  but  small  evidences  of  secular  change  in 
the  magnetic  elements.  There  is  a  suggestion  that  the  Dip  is  dimi- 
nishing and  the  Horizontal  Force  increasing  ;  but  the  Declination 
seems  to  have  reached  a  stationary  point. 
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Appendix  A. 

Inö  Tadayoshi,  the  Japanese   Surveyor 
and  Cartographer. 

Ino  ((n-igiijiilly  Jimbo  )  Kageyu*  was  born  in  1744  in  a  small 
village  called  Sawaraniura  in  the  province  of  Shiniosa,  rfapan.  InO 
Avas  the  name  he  acqnired  by  marrying  into  a  family,  in  accordance 
with  the  very  nsnal  Japanese  custom. 

His  father-in-law  was  a  sake  brewer,  coiiducting  a  business  which 
had  descended  from  father  to  son  for  many  generations.  On  his  death, 
affairs  were  found  to  be  in  a  very  bad  state.  Inö  thereupon  aj)plied 
himself  diligently  to  the  business,  and  through  his  untiring  efforts, 
combined  with  strict  economy,  he  gradually  amassed  considerable 
wealth.  In  his  fiftieth  year,  that  is  about  1794,  he  transferred  the 
whole  business  to  his  S(m  and  began  his  sciei:itific  career. 

Astronomy  was  the  study  to  which  he  devoted  himself.  The 
books  at  his  disposal  were  all  in  Cliinese  and  contained  many  obscure 
passages  which  he  in  vain  tried  to  understand.  Ultimately  he  made 
his  way  to  Yedo,  and  sat  at  the  feet  of  the  Takahashis,  father  and 
son,  astronomers  to  the  Shogun.  The  elder  Takahashi  died  in  1804, 
and  it  was  with  the  younger  Takahashi  that  Inö  had  most  to  do. 
Certain  letters  written  to  him  by  Inö  still  exist,  and  their  style  is 
such  as  would  naturally  be  used  by  one  addressing  a  former  teacher. 

In  1800  Ino  set  out  by  permission  of  the  Government,  to  survey 
the  Island  of  Ezcjt  at  his  own  expense.     In  the   following  year  he 

*  Inö  (  fjf  Bb)  ^^  tlie  iinjöjl  (^  ip)  ov  fiimily  name^  and  Kageyii  ('^jj  W^  flj  )  the  tsüshö 
(  j^  ifj§  )  or  common  name.  His  jitsu-mel  or  na-norl  (  *(  ^,  ^  ^  ),  which  means  literally 
real  name  and  was  used  only  on  important  occasions,  was  Tadayoshi  (  g',  ^  )  or  ChOkei,  as 
some  pronounce  it. 

t  In  the  earlier  pages  of  this  paper,  the  more  familiar  spelling  Yezo  is  inadvertently 
used.  Ezo,  however,  is  better  phonetically,  and  is  the  spelling  sanctioned  by  theltomani- 
zation  Society  of  Japan.  As  the  foruier  name  of  Tokyo  is  quite  obsolete,  it  is  best  to 
adhere  to  the  western  historical  spelling  Yedo — although  it  too  should  bo  Edo. 
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wns  insîtriictof]  to  snrvoy  all  tlio  Pc^nsts  flivl  inlands  of  Japfiii.  Tlio 
survey  of  tlie  north -eastern  coast  was  finished  in  1801.  and  ])v  LS  IS 
liis  labours  in  the  field  were  eonipleted.  It  shoidd  l)e  mentioned, 
perhaps,  that  certain  [)arts  of  the  coast  were  surveyed  very  ini])erfectlv 
— such  as  the  eastern  and  the  north-Avestern  coasts.  Exactlv  wlien 
he  died  is  not  known  certainly,  hut  for  some  time  after  the  comj)le- 
tion  of  the  survey  he  seems  to  have  been  eno-ao-ed  in  the  construction 
of  his  maps. 

The  instruments  which  Inö  employed  in  the  survey  were  des- 
troyed by  fire  ;  but  in  1828  two  instruments,  said  to  be  exact  copies 
of  the  original  ones,  were  made  by  Ono  Yasaburo,  the  father  (^f  tlie 
Jate  engineer  who  constructed  the  Mint  at  Osaka.  These  are  now  in 
the  possession  of  the  Meteorological  Office.  A  compass-needle,  made 
and  used  by  Inö,  has  however  been  preserved  l)y  his  family. 

Ono's  instruments  are  two,  one  for  measuring  azimuths  and  the 
other  for  measurini'"  altitudes.  The  former  is  simply  a  horizontal 
circular  disc  of  copper  19  inches  in  diameter,  graduated  by  radial  lines 
into  degrees.  Seven  concentric  circles  are  traced  near  the  extremity 
of  the  disk  at  such  distances  apart  that,  when  a  straight  line  is  en- 
graved joining  the  point  where  the  inmost  circle  cuts  a  given  radial 
line  to  the  [)oint  where  the  outmost  circle  cuts  the  next  radial  line, 
this  so-called  diai^'onal  ö-ives  bv  its  intersections  with  the  intermediate 
circles  anuular  intervals  correspondins;  to  10'  or  one-sixth  of  a  desfree. 
The  graduated  circtdar  disc  rests  on  three  legs  j>rovided  with  levelling 
screws.  From  its  centre  rises  an  upright  wooden  pillar  which  is  siu'- 
mounted  by  a  tid)e  (or  })erhaps  a  telescope)  for  sighting  distant 
objects.  The  levelling  of  the  circle  is  accomplished  by  means  of  a 
brass  "plummet"  hanging  down  one  side  of  the  upright  pillar.  The 
pillar  rotates  freely,  and  carries  with  it  a  horizontal  rod  resting  on  the 
graduated  circle.  The  positioTi  of  this  r<-)d  indi(\ates  at  once  the  angle 
to  be  read. 
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The  instrument  for  measuring  altitudes  is  a  brass  quadrant,  19 
inches  in  radius,  with  a  telescope  fixed  to  one  of  the  straight  limbs. 
The  whole  is  mounted  on  an  upright,  wooden  piHar  resting  on  three 
legs.  The  telescope  and  quadrant,  Avhich  move  together  in  a  vertical 
plane  about  a  pivot  passing  approximately  through  the  centre  of  gra- 
vity, can  be  clamped  in  any  required  position.  From  the  angle  of 
the  quadrant  a  "  plummet-line,"  in  the  form  of  a  brass  rod,  hangs. 
The  position  of  this  rod,  as  it  hangs  just  free  of  the  quadrant  arc, 
indicates  the  angle  to  be  read.  The  quadrant  is  graduated  in  a  manner 
very  similar  to  the  azimuth  circle,  only  to  a  finer  degree  of  division. 
The  radial  lines  measure  to  thirds  of  a  degree  ;  and  by  means  of  the 
"  diao'onal-scale  "  arransfement,  an2:les  mioht  be  read  to  half-minutes. 
On  the  azimuth  circle  again  it  would  be  difiicuh  if  not  impossible  to 
read  to  minutes  even. 

With  such  instruments  did  [no  carry  out  his  survev.  Abcnit 
1135  direct  measurements  of  latitudes  were  taken  bv  means  of  the 
quadrant.  The  distances  between  successive  stations  were  measured 
by  three  distinct  methods.  Ropes  were  used  as  onr  land  surveyors 
use  chains  ;  also  a  kind  of  wheel  or  roller,  the  number  of  rev(^lntions 
of  which  measured  the  distance  travelled.  Then  with  the  azimuth 
instrument  in  combinaticjn  with  the  compass  a  triangulation  by  means 
of  prominent  hills  and  land-marks  was  carried  out.  From  the  dis- 
tances so  obtained,  the  louo-itudes  seem  to  have  been  calculated. 

The  results  of  Ino's  labours  are  given  in  the  "  Dai  Nippon  En- 
kai-jis-soku-roku,"  or,  the  Record  of  the  True  Survey  of  the  Coasts 
of  Japan  (1821,  14  volumes).  Tliis  treatise  existed  simply  in 
manuscript  till  1870  (Meiji,  8),  when  it  was  pul)lished  in  proper 
book  form  by  the  Tokyo  University  (  Hitotsu-bashi  ) — at  that  time 
known  as  the  Daigaku  Nankö.  Three  kinds  of  maps  were  constructed, 
the  largest  consisting  of  30  different  sheets,  the  medium  sized  of  two, 
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and  the  smallest  of  one.  These  maps  have  been  the  basis  of  all 
subsequent  ones  ;  and  for  many  places  in  Japan  Inö's  measurements 
of  latitude  (and  longitude)  are  the  only  ones  which  have  as  yet 
been  made. 

On  completion  of  the  survey,  Takahashi  published  an  epitome 
of  the  results  in  a  book  having  the  title,  '"  luö's  Table  of  Latitudes 
and  Longitudes."  From  certain  remarks  in  the  preface  to  this  work, 
it  would  aj^pear  that  Inö  rather  doubted  the  truth  of  the  magnetic 
variation,  and  was  inclined  to  refer  its  appearance  in  Europe  to  care- 
lessness either  in  the  construction  ov  handling  of  the  compass  needle. 
There  can  be  little  doubt,  however,  as  to  the  accuracy  of  Inö's  own 
observation  that  in  Japan  at  that  time  the  mean  direction  of  magnetic 
north  coincided  practically  with  the  direction  of  geographical  north. 

According  to  Inö  the  mean  length  of  one  degree  of  latitude  is 
28.2  ri.  From  a  copy  of  the  standard  sliahi  used  by  Inö — the 
original  seems  to  have  been  lost  by  fire — this  distance  has  been 
estimated  as  equivalent  to  110.7  kilometres.  The  true  value  is  111 
kilometres.  The  leno-ths  of  a  deo-ree  of  lono-itude  in  latitudes  35°, 
40°,  4-1°  are  given  as  23.1  ri,  21.6  rl  and  20.285  ri  respectively. 
Reduced  to  kilometres,  these  are  90.7,  84.8  and  79.G6.  The  true 
values  are  91.08,  85.18,  79.99,  ditfering  in  no  case  from  Inö's  values 
by  as  much  as  one-half  per  cent. 

When  we  consider  the  aofe  at  which  Inö  besran  his  scientific 
career — an  ao-e  at  which  most  men  are  thinkin";  of  retirini"'  from  the 
busy  field  of  life — and  when  farther  we  call  to  mind  the  rude  instru- 
ments with  which  he  did  his  work,  we  cannot  but  feel  that  we  have 
here  a  man  worthy  of  a  high  place  anitjngst  the  scientific  leaders  of 
the  last  generation.  In  these  days  of  candid  criticism,  his  work  has 
stood  the  severest  tests  and  remains  a  grand  monument  of  his  perse- 
verance, patience  and  accuracy.     His  greatness  is  now  fully  appreciated, 
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and  some  six  or  seven  years  ago  received  Imperial  recognition.  The 
rank  of  Shö-shi-i  (IE  K  jk),  or  Senior  4tli  class,  was  at  that  time 
conferred  on  him.  Excepting  nobles,  very  few  held  that  rank  in  the 
days  when  Inö  flourished,  although  it  is  common  enough  nowadays. 
Such  posthumous  honours  are,  besides,  very  rare.  A  stone  monument 
in  his  honour  is  very  soon  to  be  put  up  in  Tokyo. 

In  preparing  this  short  biography  of  Ino,  I  have  been  fortunate 
in  the  hearty  assistance  of  Mr.  Arai,  Superintendent  of  the  Meteoro- 
loofical  Office,  and  of  Professor  Yamao-awa  and  Mr.  Nag-aoka  of  the 
Imperial  University,  without  whose  aid  indeed  I  could  have  done 
little  or  nothino". 
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Appendix  B. 

Complete  Lists  of  Observations  made. 

The  followinf»-  lists  contain  all  the  o1)servations  made  during 
the  survey,  together  with  the  dates  and  hours  at  which  they  were 
taken.  The  first  list  contains  the  Dips,  the  second  the  Horizontal 
Forces,  and  the  third  the  Declinations. 

The  only  point  which  calls  for  remark  is  in  connection  with  the 
tabulation  of  the  Horizontal  Forces.  It  will  be  noticed  that  fur  the 
stations  of  the  Northern  Party,  an  extra  column  headed  Mo  is  added. 
This  gives  the  magnetic  moment  of  the  magnet  reduced  to  0°  C.  The 
reductions  were  made  in  accordance  with  the  table  of  corrections  sup- 
plied by  the  Kew  authorities  along  with  the  magnetometer.  A  glance 
down  the  column  will  show  that  during  the  survey  the  magnet  has 
been  subject  to  a  gradual  diminution  in  moment.  This  is  no  doubt 
due  largely  to  the  jolting  experienced  during  travelling.  On  two 
occasions  a  somewhat  sudden  change  seems  to  have  occurred — namely 
between  Hakodate  and  Sapporo,  and  at  Ebisu.  In  the  farmer  case 
the  magnetism  of  the  steamer  may  have  had  a  permanent  effect  ; 
while  in  the  latter  the  cause  is  no  doubt  to  be  traced  to  the  excep- 
tionally high  temperature  at  which  the  experiments  were  made.  In 
the  circumstances  of  the  case,  it  is  quite  probable  that  the  tempera- 
ture coefficients  may  have  become  altered  during  the  survey  ;  and  that 
the  table  of  corrections  drawn  up  at  Kew  may  no  longer  apply.  At 
Ueda,  the  value  of  Mo  differs  by  one-half  per  cent,  from  the  values 
at  contiguous  stations — much  too  large  a  discrepancy  to  be  accounted 
on  any  other  ground  than  that  of  a  bad  observation.  Fortunately 
Ueda,  being  in  a  very  hilly  and  volcanic  district,  cannot  be  regarded 
as  an  important  station. 
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List  I.    The  Dips. 


station. 

Ishibaslii      

Yabuki 

Matsukawca 

Shiraislii      

Slno<^ama     

Isliinomaki 

Icliinoseki    

Hauamaki    

Morioka 

Miyako  

Kuji 

Hacliiuohe   

Gouohe  

Nobeclii 

Aomori 

Hakodate     

Sapporo 

Kiitup    

Nemuro 

Hirosaki       

Ödate     

Nüsliiro 

Akita     

Kariwano     

Yokote 

luuai      


Dip. 


Date  and  Hour. 


50°     7.''3 

June 

23 

7.00  a.m. 

50°  57:3 

>} 

25 

6.42  p.m. 

51°  13.'8 

)} 

26 

6.35   a.m. 

51°  20.'9 

)) 

28 

7.37  a.m. 

51°  50.'1 

}) 

29 

7.54  a.m. 

51°  4:6:6 

)} 

)) 

2.38  p.m. 

51°  49.'o 

)} 

30 

8.03  a.m. 

51°  41.^9  ? 

July 

1 

7.14  a.m. 

51°  56.'2 

}> 

» 

3.26  p.m. 

52°  32.'0 

» 

3 

6.58  a.m. 

53°  17.7 

}> 

4 

8.26   a.m. 

53°  10.'9 

}} 

6 

8.10  a.m. 

53°  36.'0 

>} 

8 

5.35  p.m. 

54°     7:4 

}} 

10 

3.15  p.m. 

54°  23.'3 

}} 

12 

7.38  a.m. 

54°  39.'4 

}) 

jj 

4.48  p.m. 

54°  41:1 

}> 

13 

5.20  p.m. 

54°  47:1 

)} 

15 

7.43  a.m. 

55°  35:5 

}} 

16 

3.27  p.m. 

56°  41. '5 

}) 

19 

4.38  p.m. 

56°  48.'4 

}) 

24 

0.33  p.m. 

57°     7:1 

}> 

25 

4.28  p.m. 

54°  24.'6 

3> 

29 

5.21  p.m. 

54°  12.'6 

}) 

31 

7.45  a.m. 

54°  17.'8 

Ausfust 

1 

5.38  p.m. 

53°  37:6 

}> 

3 

7.15  a.m. 

53°  30:5 

)) 

}) 

6.50  p.m. 

53°     5.'0 

)) 

4 

afternoou. 

52°  5i:i 

)} 

5 

4.05  p.m. 
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Station 

tShinjö     

Sakata    

Yamagata    

Yonczawa    

Oguui     

Nakajo   

Ebisu     

Niigata 

Kashiwazaki 

Sekiyama     

Ueda       

Takauomaclii 

Nagasawa    

Köfu 

Hara       

Hakoue  

Otsu 

Höjö 

Katsuura      

Tügaue  

Chüslii    

Kioroshi 

Sliimmachi 

Ömiya    

Sliimoda       

Shimizu 


Dip. 

Date 

and  Hour. 

52°  37.'2 

August 

6.30  a.m. 

52°  51. '9 

J) 

8 

6.49   a.m. 

52°     1.'6 

n 

9 

5.20  i).m. 

51°  :31.'G 

}} 

11 

4.58  p.m. 

51°  47.-2 

}> 

13 

7.20   a.m. 

51°  49.'2 

}> 

14 

7.15   a.m. 

52°     3.7 

)) 

15 

11.15   a.m. 

51°  56.1) 

>) 

16 

7.15   a.m. 

51°  55.'4 

J) 

17 

5.25  p.m. 

5U°  55.7 

}} 

18 

6.15  p.m. 

50°     3.'3 

yi 

20 

6.32  p.m. 

49°  40.'6 

}) 

21 

6.15  p.m. 

49°    8.'8 

)) 

22 

6.35  p.m. 

50°     5.7 

}) 

23 

5.43  p.m. 

48°  33.'3 

>} 

25 

8.01   a.m. 

47°  257 

}) 

}} 

6.31   p.m. 

48°  33.'8 

}) 

26 

6.15  p.m. 

48°  32.'6 

}) 

28 

t .oo  a.m. 

48°  30.'6 

)) 

30 

6.53  a.m. 

49°     2.'5 

)} 

31 

8.13  a.m. 

48°  43.'1 

September 

1 

8.15  a.m. 

49°  32.'5 

}) 

2 

8.18  a.m. 

49°  56.'0 

)> 

25 

5.43  p.m. 

49°  39.^0 

}) 

26 

11.02  a.m. 

47°  57.'4 

June 

23 

8.45  a.m. 

47°  59.'6 

>> 

1.15  p.m. 

48"     1.-5 

)) 

night. 

48°  39.'8 

25 

5.28  p.m. 

48°  43.^5 

26 

11.15   a.m. 

48°  40.^2 

)) 

8.46  p.m. 

48°  41.'8 

27 

10.18  a.m. 
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Station. 

Dip. 

Date 

and  Hour. 

Nagoya 

48° 

58.7 

June 

29 

5.57 

p.m. 

48° 

57.7 

}) 

30 

10.30 

a.m. 

48° 

58.'3 

)) 

)> 

5.12 

p.m. 

Kamiyashiro      

48° 

16.'0 

July 

4 

8.03 

a.m. 

48° 

17.'2 

}) 

}) 

3.35 

p.m.  . 

48° 

17.'2 

ii 

}j 

7.08 

33 

Nagaha; 

i;a    

49° 

15.'6 

}) 

6 

11.21 

a.m. 

49° 

19.'0 

>y 

3} 

4.30 

p.m. 

49° 

18.'3 

}) 

7 

8.20 

a.m. 

Hyögo 

48° 

42.'9 

)) 

8 

3.49 

p.m. 

48° 

43ri 

}} 

)) 

9.22 

)3 

48° 

41. '0 

}} 

9 

10.48 

a.m. 

Tokusliima 

48° 

0.'8 

)) 

10 

4.49 

p.m. 

48° 

1.'3 

)i 

11 

8.53 

a.m. 

48° 

oro 

}) 

)} 

11.10 

3) 

47° 

59r6 

)) 

y) 

1.04 

p.m. 

Köchi 

47° 

32r2 

)> 

17 

1.45 

a.m. 

47° 

33.'2 

3) 

}) 

6.27 

}3 

47° 

30.'6 

)} 

)) 

10.25 

)> 

Miuabe 

47° 

46.'8 

n 

21 

7.47 

a.m. 

47° 

45:4 

}> 

22 

7.33 

3f 

47° 

45:8 

i> 

}) 

8.28 

}} 

47° 

46:3 

>} 

}) 

9.31 

» 

47° 

46:0 

>} 

)} 

10.30 

3) 

47° 

46:7 

)) 

>} 

11.29 

)i 

47° 

46.^5 

}) 

)) 

0.31 

p.m. 

47° 

45:5 

)> 

)) 

1.28 

3) 

47° 

47.'0 

>} 

» 

2.36 

3) 

47° 

46:2 

)) 

>) 

3.20 

>) 

47° 

47.'3 

>) 

3) 

4.27 

3) 

47° 

45.'9 

» 

)) 

5.27 

33 

, 

47° 

46:5 

}} 

}> 

7.54 

)) 
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Station. 


Okay  a  ma 


Hiroshima 


Wakwan  (Korea) 


Meho  (Korea) 


Pusan  (Korea)   .. 


Omizutare  (Korea) 

Kurosaki  (Korea)    

Kurosaki  Cape  (Korea) ...   . 
Sliiinokijiraa  Cape  (Korea). 

Sliiinokijima      

Fiikuoka       

Nakatsu 

Saganoseki 


Dip. 


48°  47.'5 
46°  47.'3 
48°  48.'9 
48°  39:4 
48°  40:4 
48°  40:4 
48°  38r0 

50°  io:i 

50°  9:3 
50°    8r5 

50°  27:o 

50°  28:9 
50°  26a 
50°  26.'0 

50°   ore 


50° 

1.7 

50° 

ir4 

50° 

3ri 

50° 

7r8 

50° 

6:6 

49° 

55.'3 

51° 

2'7 

50° 

7r5 

48° 

8:3 

48° 

4:0 

48° 

7:1 

48° 

l.'G 

48° 

l.'O 

48° 

3.-4 

47° 

21.'G 

Date  and  Hour. 


July 


August 


}) 


}> 


20  6.48  a.m. 

,,  0.1-2  p.m. 

„  4.38     „ 

28  11.29  a.m. 

„  5.03  p.m. 

30  8.05   a.m. 
1 1  '^5 

6  7.33  a.m. 
1 1  4^ 

„  4.33  p.m. 

10  7.14  p.m. 

11  8.29  a.m. 
„  11.53     „ 

„  3.48  p.m. 

13  10.36  a.m. 
„  1.04  p.m. 
„  4.58     „ 

14  5.37  p.m. 

15  9.50  a.m. 

„  0.13  p.m. 

„  3.32  p.m. 

„  5.34  p.m. 

„  8.14  p.m. 

22  8.46  a.m. 

„  11. -1      „ 

„  4.21    p.m. 

24  2.25  p.m. 
„  5.02     „ 

25  9.20   a.m. 
28  7.09  a.m. 
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Station. 
Sag-auoseki  fcontinuedj 

Hichiyamura      

Miyazaki      

Yatsusliiro 

Nagasaki      

Hagi       

Hamacla 

Hainada  Bridge     ...    . 

Asaimura  Öte   

Kurokawa    

Suniiyo.shiyama       ...    . 
Matsue 

Imaichi 

Kauümura    


Dip. 


47°  19:3 
47=  21.7 
46°  26.'6 
46°  27.'9 
46°  28.'6 
45°  50:0 
45°  5i:7 
45°  52:1 
46°  39:8 
46°  40.'':3 
46°  89.'9 
40°  57.'1 
48°  44.'6 
.|&°  41.'0 
48°  43:<) 
.50°  12:8 
50°  11. '9 
50°  11:9 
49°  50:5 
49°  49.'9 
50°  4:8 
49°  54.7 
50°  0:9 
50°  1.'6 
50°  3.'0 
50°  14.'2 
50°  12.'0 
50°  13ri 
49°  42.'3 
49°  42.7 
49°  45.'3 


Date  and  Hour 


August        28  0.04  p.m. 

„  4.19     „ 

29  4.39  p.m. 

30  9.06  a.m. 

31  0.52  p.m. 
4  21 

Septem.ber     2  8.16  a.m. 

„             6  0.04  p.m. 

„            ),  ^-03     „ 

7  10.26  a.m. 

10  10.33  a.m. 

13  11.39  a.m. 

10  rr 
.0/  p.m. 

16  5.34  p.m. 

17  8.01   a.m. 
„      0.15  p.m. 


J) 


20  2.47  p.m. 
5  52 

21  7.46  a.m. 

22  9.35  a.m. 
„  0.17  p.m. 
„  5.50     „ 

25  0.53  p.m. 
„  5.28     „ 

26  8.38  a.m. 
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280 


Station. 

Dip. 

Date  and  Hour. 

Koyamamvira     

49° 

54.'1 

September 

20 

2.12  p.m. 

49° 

55.'0 

}} 

^) 

5.50     „ 

49° 

5:3:2 

}} 

27 

8.34  a.m. 

49° 

53.-0 

j> 

jj 

11.50     „ 

Maizurn 

49° 

24.'9 

Î) 

30 

0.34  p.m. 

49° 

21:3 

» 

)i 

5.33     „ 

49° 

25.'2 

October 

] 

8.51  a.m. 

01)ama    

49° 

30.7 

)f 

2 

0.21   p.m. 

49° 

30.'4 

)) 

i) 

5.03     „ 

49° 

30:2 

}} 

0 
•J 

9.22  a.m. 

Shioyaura    

50° 

31. n 

)y 

4 

2.49  p.m. 

50° 

31.'5 

)) 

5 

7.58  a.m. 

50° 

31. '8 

f) 

jj 

0.17     „ 

50° 

32.'() 

» 

)i 

9.41     „ 

50° 

32:0 

') 

)' 

1^.27     „ 

50° 

33:g 

)y 

)> 

11.14     „ 

50° 

32.'9 

» 

5) 

U.rÄ)    „ 

50° 

3o:o 

!> 

)i 

0.51   p.m. 

50° 

29.'0 

J) 

}> 

1.31     „ 

50° 

29.'G 

>> 

}f 

2.12     ., 

50° 

29:2 

)) 

>> 

2.48     „ 

50° 

30.'0 

}y 

>5 

3.31     „ 

50° 

29:0 

}) 

)> 

4.20     „ 

50° 

29.'9 

'> 

)) 

4.48     „ 

50° 

29:6 

» 

>) 

5.2(3     „ 

Nanao     

51° 

11:8 

J) 

8 

1.5  1   p.m. 

• 

51° 

15.-4 

}> 

>) 

5.05     „ 

Tokyû(W) 

49° 

1 0:8 

November 

8 

11.09   a.m. 

49° 

]i:i 

>} 

>} 

2.35  p.m. 

„      ("R) 

49° 

13:1 

}) 

10 

11.19  a.m. 

49° 

12.-9 

}■> 

)j 

2.31    p.m. 
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List  II.    The  Horizontal  Forces,  Temperatures, 
and  Magnetic  Moments. 


station. 

Horiz. 
Force. 

M. 

Temp. 

Mo. 

Date  &  Hour. 

Isliibashi    

.29143 

937.15 

2r.O  c. 

944.37 

June 

23 

6.00  a.m. 

Yabuki 

.28952 

938.60 

20°.4 

945.54 

j9 

25 

8.00  a.m. 

Matsukawa       

.28785 

937.78 

20°.0 

944.60 

J. 

26 

7.00  a.m. 

Shiraishi     

.28830 

936.72 

20M 

943.58 

)) 

28 

7.30  a.m. 

Shiogama    

.28755 

935.41 

22°.6 

943.21 

1) 

29 

9.00  a.m. 

.28715 

933.79 

22°.  7 

941.59 

)) 

30 

6.00    „ 

Ishinomaki 

.28777 

936.53 

21°.  2 

943.82 

July 

1 

8.00  a.m. 

.28728 

937.28 

22°.3 

944.50 

n 

S! 

5.30  p.m. 

Ichinoseki 

.2842(3 

936.20 

18°.0 

942.65 

J) 

3 

7.30  a.m. 

Hanamaki 

.28032 

938.04 

18°.4 

944.28 

}j 

5 

7.30  a.m. 

Morioka      

.28180 

937.26 

20°.8 

944.39 

5) 

6 

8.00  a.m. 

Miyako 

.27870 

934.70 

23°.2 

942.76 

>> 

8 

4.00  p.m. 

Kuji      

.27983 

935.56 

23°.  4 

943.67 

?) 

10 

4.00  p.m. 

Hacki  nolle 

.27087 

937.02 

22°.2 

944.69 

!) 

12 

8.00  a.m. 

Gonohe 

.27615 

933.75 

24°.3 

942.24 

J) 

5) 

5.00  p.m. 

Nobeclii      

.27576 

934.52 

24M 

942.91 

>) 

13 

6.00  p.m. 

Aomori 

.27727 

935.88 

22°.7 

913.73 

)5 

15 

8.00  a.m. 

Hakodate    

.27318 

935.75 

22°.3 

943.19 

J) 

16 

5.00  p.m. 

Sîipporo      

.26766 

931.52 

25°.2 

940.29 

JJ 

19 

5.30  p.m. 

Kiitiip 

.26667 

933.83 

23M 

941.82 

)> 

24 

4.30  p.m. 

Nemuro      

.26025 

931.86 

26°.3 

941.07 

J) 

25 

4.00  p.m. 

Hirosaki      

.27819 

932.97 

26°.3 

942.19 

29 

4.30  p.m. 

Ödate    

.27713 

935.34 

20°.  3 

912.24 

>) 

31 

6.00  a.m. 

Noshiro       

.27854 

930.85 

3r.o 

941 .89 

Aug 

.     1 

4.00  p.m. 

Akita    

.28275 

932.18 

2  5°.  2 

941.00 

3 

6.15  a.m. 

Kariwano   

.28224 

934.50 

26°.4 

943.78 

>) 

4 

6.30  a.m. 

Yokote 

.28309 

932.91 

26°.4 

942.17 

)» 

5 

7.00  a.m. 

Iiinai     

.28226 

931 .47 

28°.0 

9  11 .35 

J) 

5> 

4.30  p.m. 

MAGNETIC  SUliVP:Y  OF  JAI'AN. 


'jn 


station. 

Horiz. 
Force. 

M. 

Temp. 

M.. 

Date  &  Hour. 

Shinjô 

.28524 

931.43 

27°.4  c. 

911.07 

Aug. 

7 

7.00  p.ui. 

Sakatii 

.28460 

931.94 

27°.0 

911.05 

>> 

8 

7.00  a.ui. 

Yaniagata 

.280-51 

932.80 

2.5M 

911.03 

j> 

10 

7.00  a.m. 

Yonczawa 

.28830 

931.28 

30°.  3 

942.04 

>> 

11 

5.30  p.m. 

Oguni   

.28748 

933.58 

2r.8 

941.02 

>) 

13' 

7.00  a.m. 

Nakajo ... 

.28702 

930.23 

28^3 

940.20 

!> 

11 

7.3(J  a.m. 

Ebisii    

.28950 

923.57 

35°.0 

930.10 

)) 

15 

nooa 

Niig.ita       

.2809!) 

928.32 

28°.  I 

938.19 

)) 

10 

7.30  a.m. 

Kasliiwazaki     

.28878 

927.06 

29°.7 

938.17 

>) 

17 

(5.00  ;i.ni. 

Sekiyania    

.29152 

930.30 

27M 

939.83 

)) 

19 

8.15  a.m. 

Ueda     

.29029 

930.59 

21°. 8 

944.06 

>> 

21 

6.00  a.m. 

Takauomaclii    

.29502 

928.90 

20°.0 

938.19 

J> 

)> 

6.00  p.m. 

Köfu     

.29201 

920.19 

33°.4 

938.40 

î) 

23 

4.30  p.m. 

Hara      

.30150 

929.09 

25°.0 

î)38.37 

)) 

25 

6.35  ii.m. 

Hakone 

.30490 

929.10 

25°.4 

937.97 

>) 

>j 

5.00  p.m. 

Ötsu      

.29055 

927.19 

29°.2 

937.45 

>) 

20 

5.00  p.m. 

Höjö     

.29039 

927.85 

27°.3 

937.41 

>5 

28 

6.00  a.m. 

.29021 

920.75 

29°.4 

937.10 

)J 

>> 

4.00  p.m. 

Katsmira     

.29007 

929.20 

2.5°.  2 

937.95 

)) 

29 

5.30  p.m. 

Tôgaue 

.29533 

929.22 

22°.4 

936.87 

)) 

31 

6.15  a.m. 

Cbüshi 

.29090 

928.00 

27°.0 

938.02 

Sept. 

1 

7.20  a.m. 

Kioroshi      

.29377 

930.40 

23°.8 

938.69 

)) 

■> 

7.00  a.m. 

Shimmachi 

.29307 

929.65 

19°.0 

935.86 

)) 

25 

5.00  p.m. 

Öiniya 

.29428 

928.92 

20°.  1 

935.73 

)» 

20 

10.20  a.m. 

Shimoda      

.29993 

443.54 

20°.7 

•Jime 

23 

10.30  a.m. 

.30001 

443.42 

21°. 2 

)> 

>> 

3.13  p.m. 

.29980 

441.17 

21°.8 

») 

>) 

8.21    „ 

Shimizu      

.30104 

442.19 

2r.3 

»> 

25 

afternoon 

.30024 

443.39 

21°.4 

)) 

j) 

Î» 

.29983 

443.19 

2()°.0 

)) 

26 

2.10  p.m. 

.30013 

441.40 

25°.  2 

>> 

>) 

4.31    „ 
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Station. 


Shiaiizu  {continued) 
Nagoya       


Kamiyasbiro     ... 


Nagahama  . . , 


Hyögo 


Tukusliiina 


Kochi 


Miuabe. 


Okayama 


Hiroshima  . . . 


Horiz. 
Force. 


.29929 

.2987-1 

.29849 

.29990 

.30225 

.30175 

.30196 

.30050 

.30017 

.30012 

.30280 

.30259 

.30266 

.30373 

.30730 

.30516 

.30562 

.31098 

.31066 

.30855 

.30476 

.30509 

.30494 

.30496 

.30431 

.30461 

.30474 

.30732 

.30678 

.30747 

.30722 


M. 


Temp. 


441.95 

412.91 

442.67 

412.11 

441.58 

411.89 

442.11 

410.18 

441.05 

440.81 

440.59 

441.10 

442.545 

439.59 

437.56 

440.58 

440.29 

436.69 

436.72 

439.08 

439.64 

439.25 

438.86 

439.48 

438.90 

438.45 

438.60 

438.76 

438.56 

441.08 

440.95 


25M  c 

26°.9 

29°.7 

24°.2 

24°.7 

26°.3 

24^8 

26°.8 

23°.  7 

24°.9 

29°.3 

26°.5 

26°.4 

3r.6 

27°.8 

27°.3 

28°.2 

27°.9 

29°.0 

ol  ./ 

•  ft  o   ,; 

ol   .<) 

oV  .0 


Mo. 


99° 

00 

.8 

30° 

.7 

3r 

.4 

34° 

.2 

33° 

.0 

34° 

.1 

3-5° 

.2 

25° 

.0 

2C° 

.9 

Date  &  Hour. 


Juue 

27 

8.48  a.m. 

5) 

30 

9.02  a.m. 

>) 

j> 

11.44    „ 

)) 

J) 

6.26  p.m. 

July 

4 

8.46  a.m. 

J) 

J) 

11.25    „ 

)> 

)) 

5.25  p.m. 

)) 

6 

0.53  p.m. 

)) 

)> 

6.03    „ 

>> 

7 

9.02  a.m. 

)) 

8 

2.07  p.m. 

M 

)) 

4.48    „ 

>5 

9 

9.10  a.m. 

)) 

5> 

1.20  p.m. 

)> 

10 

6.51  p.m. 

)) 

11 

9.53  a.m. 

5> 

)> 

0.10  p.m. 

)) 

17 

0.16  a.m. 

J> 

5) 

7.48    „ 

)) 

)) 

11.55    ,, 

M 

21 

9,57  a.m. 

>) 

)) 

11.30    „ 

)) 

)) 

2.55  p.m. 

)) 

>5 

5.56    ,, 

5) 

26 

9.00  a.m. 

>) 

)) 

1.28  p.m. 

)) 

)) 

5.07    „ 

)) 

28 

0.41  p.m. 

)) 

)> 

4.13    „ 

)> 

29 

6.32  a.m. 
/.oo    ,, 

MAGNETIC  SURVEY  OF  JAl'AN. 


^43 


Station. 

Horiz. 
Force. 

M. 

Temp. 

M.. 

Date  &  Hour. 

Hiroshima  {continued) 

.30(588 

440.19 

29°.9  c. 

July    29 

8.37  a.ui. 

.307185 

439.17 

34M5 

!)                M 

9.32    „ 

.30730 

438.3  i 

3-5°.  75 

>>                )> 

10.31     „ 

.30719 

437.96 

37°.0 

)»                )> 

11.35    „ 

.30731 

438.12 

36°.0 

J)                )) 

0.32  i).ui. 

.30709 

438.11 

36°.2 

))                )> 

].o8    „ 

.30724. 

437.96 

3o°.7o 

>»                >) 

2.32    „ 

.30726 

438.48 

35M 

J>                >> 

3.32    „ 

.30682 

439.18 

33°.3 

)>                )) 

4.35    „ 

.30712 

438.945 

30°.5 

)>                >> 

5.32    „ 

.30691 

439.96 

29°.0 

!>                 )! 

6.47  p.m. 

Wakwau  (Korea)   . . . 

.30447 

439.68 

31°. 9 

Aug.     6 

10.06  a.m. 

.30470 

438.87 

o2  .t 

)>        )) 

1.39  p.m. 

.30485 

440.07 

27°.6 

))        it 

5.19    „ 

Mëho  (Korea) 

.30694 

440.52 

26°.8 

„      11 

6.34  a.ui. 

.30603 

439.33 

32°.8 

>)       )> 

11.01     „ 

.30691 

437.50 

36M 

)>       >> 

2.08  p.m. 

Futâau  (Korea) 

.30909 

438.63 

29°.2 

,.       lo 

10.56  a.iu. 

.30923 

436.81 

34°.3 

))            >) 

2.23  p.m. 

.30891 

438.18 

29°.2 

)>            »> 

4.06    „ 

Kurosaki     

.30616 

437.56 

32°.6 

„    1-5 

11.21  a.m. 

Shiinokijiaia     

.30518 

438.57 

28°.3 

))           )) 

6.40  p.m. 

Fukuoka     

.31049 

438.14 

30°.5 

7.44  a.m. 

.31008 

437.29 

32°.5 

n            )> 

10.10     „ 

.30999 

436.69 

34°.U 

»»                   5> 

3.24  p.m. 

Nakatsu      

.30992 

436.27 

35°.8 

„      24 

1.26  p.m. 

.31002 

436.78 

3  4".  9 

))       >> 

4.23    „ 

.31006 

438.43 

28°.8 

„          ^0 

8.27  a.m. 

Sagauoscki       

.31124 

437.98 

30°.7 

„      28 

8.28  a.m. 

.31138 

437.80 

32°.5 

))        )) 

11.10    „ 

.31148 

437.68 

30°.4 

J)        >) 

3.37  p.m. 

2U 
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Station. 

Horiz. 
Force. 

M. 

Temp. 

Mo- 

Date  Sc  Hour. 

Hichiyamui-a    

.31392 

437.48 

3r.4  c. 

Aug. 

29 

3.49  p.m. 

.31319 

439.11 

27°.8 

>) 

30 

8.07  a.m. 

.31361 

437.44 

34°.0 

)) 

)» 

10.45    „ 

Miyazaki    

.31608 

438.035 

3r.4 

Sept. 

1 

8.53  a.m. 

.31575 

437.41 

32°.9 

jj 

)) 

9.31     „ 

.31567 

437.07 

34°.8 

>) 

)5 

10.12    „ 

.3154-1 

436.945 

34°.  6 

)) 

)J 

10.51     „ 

.31523 

437.01 

34°.8 

5> 

)) 

U.ol     „ 

.31530 

437.01 

34°.8 

)) 

)> 

0.1 1  p.m. 

.31590 

437.07 

34°.0 

n 

)5 

1.30    „ 

.31589 

43Ô.14 

34°.5 

>> 

)  J 

2.10    „ 

.31549 

436.96 

33°.8 

n 

)5 

2.50    „ 

.31545 

437.19 

33°.3d 

)) 

n 

3.31    „ 

.31603 

437.05 

33M5 

1) 

)> 

4.12    „ 

.31567 

437.58 

31°. 6 

)) 

n 

4.49    „ 

.31557 

437.94 

29°.6 

)> 

)> 

5.29    „ 

.31523 

438.44 

28°.35 

)> 

>> 

6.09    „ 

Yatsushiro 

.31503 

437.26 

32'.6 

)> 

6 

10.48  a.m. 

.31504 

437.55 

3r.8 

)) 

J) 

4.20  p.m. 

.31463 

437.16 

3r.5 

)> 

)) 

9.33    „ 

Nagasaki    

.31392 

437.055 

33°.9 

n 

10 

9.43  a.m. 

Hagi     

.30873 

437.16 

32°.  2 

>5 

13 

11.20  a.m. 

.30905 

437.77 

29°.4 

)) 

)) 

0.48  p.m. 

.30881 

438.74 

26°.  1 

>> 

}) 

4.18    „ 

Hamada      

.30034 

438.88 

26°.0 

M 

16 

4.32  p.m. 

.30039 

440.80 

18°.9 

)> 

17 

7.12  a.m. 

.30063 

437.42 

3r.2 

• 

)) 

)> 

11.21    „ 

Matsue 

.30001 

438.70 

2  6°.  5 

>> 

20 

1.04  p.m. 

.30002 

438.65 

26°.0 

)) 

)) 

4.55    „ 

.30016 

440.99 

19°.9 

)) 

21 

7.00  a.m. 

Tmaichi 

.29999 

438.88 

24°.2 

>) 

22 

8.53  a.m. 
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Station. 

Horiz. 
Force. 

M. 

Temp. 

Mo- 

Date  &  Hour. 

Imaichi    {continued) 

.30053 

438.23 

29°.3  c. 

Se])t 

22 

11.40  a.m. 

.30010 

439.03 

23'.7 

>) 

55 

5.14  ]).in. 

Kanôîmirn 

.30161 

439.88 

2r.9 

?> 

25 

0.09  p.m. 

.30151 

440.05 

2(i°.9 

)' 

55 

4.42    „ 

.30116 

441.96 

14°.  7 

>> 

26 

7.20  a.m. 

Kovnmaimira    

.29978 

438.95 

24°.  3 

>) 

55 

1.51  p.m. 

.29959 

439.195 

2r.9 

J) 

55 

5.07    „ 

.30023 

439.48 

2r.3 

>) 

27 

7.54  a.m. 

.29976 

437.90 

28°.  7 

»> 

55 

10.26    „ 

Maiziiru      

.30092 

439.01 

25^3 

)) 

30 

11.49  a.m. 

.30094 

439.66 

2r.5 

>i 

55 

4.45  p.ra 

.30105 

441.08 

16°.8 

Oct. 

] 

7.07  a.m. 

Obama 

.30001 

438.87 

24°.  7 

j> 

2 

11.34  a.m. 

.30039 

439.56 

21''.2 

>' 

55 

4.33  p.m. 

.30014 

441.40 

16°.8 

>> 

•> 
'J 

8.00  a.m. 

Shiovaura 

.29542 

438.56 

26°.9 

5) 

4 

0.02  p.m. 

.29549 

438.50 

26°.0 

>) 

55 

4.53    „ 

.29575 

439.74 

20°.6 

)» 

5 

7.26  a.m. 

Naiiao   

.29379 

441.36 

1()°.8 

J5 

8 

9.05  a.m. 

.29401 

440.87 

1  9°.  2 

J» 

55 

0.59  p.m. 

.29416 

440.00 

20°.  6 

.  . 

55 

4..JJ     „ 

Tokyo  (W) 

.29682 

438.87 

23°.4 

Nov. 

S 

1 1.52  a.m. 

.29670 

438.45 

25°.l. 

)» 

55 

1 .39  p.m. 

.29633 

440.49 

17°.l 

>) 

55 

4.20    „ 

„      (E) 

.29622 

439.73 

19°.  7 

)! 

10 

9.29  a.m. 

.29638 

439.40 

22°.  1 

55 

)5 

1.01  p.m. 

.29o06 

4 11. 04 

10°.8 

55 

55 

4.15    „ 
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List  III.      The  Declinations. 


station. 

De  clin. 

How 
taken. 

Date 

&  Hour. 

Ishibashi  

4° 

].'6 

Polaris 

June 

23  10.31  p.m. 

.TO 
•J 

50:7 

Jupiter 

51 

„    10.15     „ 

Yabuki      

4° 

29:5 

Sun 

J> 

25     7.24  a.m. 

Matsukawa      

4° 

29:(3 

Polaris 

J.' 

„    11.09  p.m. 

Shiraishi 

4° 

33:7 

Suu 

5) 

28  10.14  a.m. 

Shiog-ama 

^  o 

0 

9:o 

Jupiter 

!J 

29     9.29  p.m. 

-0 

•J 

b:-j 

Polaris 

!J 

„     ^.42     „ 

.-  0 

■J 

10:2 

Sun 

>> 

30     6.37  a.m. 

Ishinomaki      

4° 

50:5 

Sun 

June 

30     6.00     „ 

5^ 

3:3 

J5 

July 

1      9.00  a.m. 

"  o 

5:0 

Spica 

>! 

„     8.51  p.m. 

Hatiamaki 

y 

2.5:2 

Polaris 

)i 

4     8.50  p.m. 

Moriokn     

4° 

59:9 

Polaris 

)) 

5     8.40  p.m. 

.-  0 

■J 

5:0 

Sun 

>) 

5  20 

Miyako      

"  o 

■J 

51:0 

Polaris 

j; 

8     9.42  p.m. 

"  0 

-J 

40:0 

Sun 

n 

„     Ö.01      „ 

*-  o 

44:0 

)y 

>j 

,,     7.05  a.m. 

K'lji     

4" 

38:5 

Sun 

)î 

10     5.36  p.m. 

4° 

3(3:8 

Yenus 

>» 

„     8.21     „ 

Hachiiiohe       

r 

32:g 

Polaris 

)) 

11    11.10  p.m. 

Gonohe      

4° 

57:7 

Polaris 

J) 

12     9.32  p.m. 

-  0 

■) 

12:9 

Sun 

)) 

3  32 

Nobechi     

-  0 

31:7 

Polaris 

t) 

13     8.55  p.tn. 

Aomori      

22:2 

Polaris 

j> 

14     9.20  p.m. 

Hakodate 

*•  o 

■) 

33:7 

Sun 

>) 

17     5.1  3  p.m 

y 

31:3 

Polaris 

?j 

21   10.12     „ 

Sapporo     

*"  0 

•J 

59:0 

Sun 

)> 

20     6.36  a.m 

Kiitup 

4" 

46:o 

Sun 

>5 

24     4.03  p.m 

Neinuro     

4° 

21:3 

Polaris 

)> 

25     9.31   p.m. 
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Station 

Hirosaki    

Öilate 

Nösliiro     

Akita  

Kariwano 

Yokote      

lunai    

Sliiujü 

Sakala 

Yamao-ata 

Yonezawa 

Oguni 

Naka  jû       

Ebisu 

Niigata      

Kashiwazaki   . . . 

Sekiyama 

TakaQomachi  ... 

Köf  u     

Hai'a    

Hakoue     

Ötsu     

Höjö     

Katsuui'a    

Tûgane      

Chûshi 

Kioroshi    

Sliimmachi 

Ömiya 

Sliimoda    


Déclin. 


•J 

r 

4° 
4° 
4° 


15.7 


9:3 

9.'2 
2:n 

9.7 
56:9 
11. '0 
32:6 
32:6 

5i:i- 
0:3 
4:3 
9:4 

3.'4 
36:2 
3.'8 
32:4 
29.'4 
2°  24.'0 
r  19.'2 
4°  23:4 
4°  1.'5 
4"  13.'6 
-t'  1 9:2 
4°  25:9 
4°     45:7 

r  35:9 

4°     14'  8" 
4°     17' 13" 


How 
taken. 


Polaris 
Polaris 
Polaris 
Polaris 
Polaris 
Polaris 

Sim 

Sun 
Polaris 
Polaris 
Polaris 
Polaris 
Polaris 

Sun 
Polaris 
Polaris 
Polaris 

Sun 
Polaris 
Polaris 

Sun 
Polaris 
Polaris 
Polaris 
Polaris 
Polaris 
Polaris 
Polaris 

Sun 


Date  Sc  Hour. 


July 


August 


» 


September 


29  8.11 

'SO  8.09 

1  9.13 

2  9.34 

3  8.40 


4 
6 
7 
7 
9 
11 


8.17 
7.08 
8.09 
8.45 
9.06 
7.56 


June 


12  8.19 

13  9.56 
15  11.47 
„  9.05 
17  lO.U 
19  3.36 
21  3.53 

23  8.24 

24  8.00 

25  4.13 

26  8.40 

27  8.18 

29  8.18 

30  8.31 

31  10.45 
1  10.55 

25  7.28 

26  9.51 
23  11.30 

..  1.33 


p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
a.m. 
a.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
a.m. 
p.m. 
p.m. 
a.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
p.m. 
a.m. 
a.m. 
p.m. 
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Station. 


Déclin. 


Date  &  Hour. 


Shimoda  [continued) 
Shiiiiizu      


Nao'oya 


Kamiyasliiro 


Niiorahamn, 


HyOgo. 


Tokushima 


r 

IP/ 

5" 

4° 

0' 

58" 

3" 

50' 

30" 

4" 

r 

58" 

4° 

31' 

58" 

4° 

20' 

38" 

4° 

26' 

53" 

4° 

34' 

8" 

4" 

35' 

45" 

4" 

36' 

4° 

19' 

29" 

4° 

22' 

52" 

4" 

27' 

2" 

4° 

10' 

22" 

4° 

24' 

2" 

4° 

49' 

48" 

4° 

48' 

45" 

4° 

42' 

58" 

4' 

42' 

46" 

4° 

40' 

]" 

4° 

47' 

26" 

4° 

33' 

46"  ? 

4° 

33' 

51" 

4° 

33' 

36" 

4" 

33' 

34" 

4' 

38' 

52" 

4° 

38' 

22" 

4° 

26' 

52" 

4° 

24' 

9" 

4° 

28' 

5  7  ' 

4" 

28' 

31" 

June 


J 


ly 


23 

5.40 

p.m. 

25 

6.08 

p.m. 

27 

/.OO 

a.m. 

5> 

10.43 

>> 

29 

8.03 

p.m. 

30 

8.04 

a.m. 

>j 

11.00 

)> 

M 

0.17 

p.m. 

5  J 

2.55 

>) 

J) 

7.25 

»> 

4 

9.01 

a.m. 

5> 

10.28 

>> 

5) 

0.25 

p.m. 

)J 

6.07 

>) 

5) 

11.00 

>» 

6 

1.23 

p.ui. 

>) 

2.52 

» 

)) 

7.59 

>> 

i 

8.11 

a.m. 

)> 

10.11 

j> 

>) 

10.49 

>> 

8 

1.08 

p.m. 

J) 

7.24 

j> 

5) 

8.51 

>) 

9 

10.05 

a.m. 

)) 

2.07 

p.m. 

)> 

4.16 

jj 

10 

5.36 

p.m. 

11 

9.24 

a.m. 

j> 

11.29 

» 

>j 

4.09 

p.m. 
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Station. 

Declin. 

Date 

&  Hour. 

Köchi 

4" 

19' 

44" 

July 

U) 

11.20  p.m. 

4° 

18' 

31" 

f) 

17 

9.03  a.m. 

4" 

24' 

59" 

)) 

M 

0.1  G  p.m. 

Minabo      

4" 

30' 

35" 

M 

21 

9.13  a.m. 

4" 

34' 

10" 

5> 

M 

10.44     „ 

4" 

34' 

2" 

JJ 

)> 

2.2G  p.m. 

4' 

3U' 

27" 

» 

)) 

0.24     „ 

4° 

27' 

20" 

» 

00 

6. 50  a.m. 

4" 

27' 

2" 

)} 

>> 

7.48     „ 

4" 

27' 

10" 

>> 

)) 

8.40     „ 

4° 

29' 

10" 

>} 

M 

9.45     „ 

4° 

31' 

20" 

)> 

)) 

10.43     „ 

4" 

33' 

0 

)» 

M 

11.43     „ 

4° 

34' 

20" 

)) 

)) 

0.48  p.m. 

4° 

35' 

00" 

!) 

!) 

^■^■^     „ 

4" 

33' 

45" 

^> 

3j 

2.51     „ 

4° 

32' 

27" 

M 

>» 

3.44     „ 

4° 

30' 

50" 

)> 

>^ 

4.40     „ 

4' 

30' 

37" 

? 

4" 

31' 

2" 

)) 

>> 

7.34     „ 

Okayama 

4" 

■S(y 

28" 

>> 

25 

5.42   p.m. 

i° 

28" 

)> 

>) 

7.(M)      „ 

4° 

O-J 

(■>" 

>J 

2(5 

7.1  1  a.m. 

4° 

3tr 

1" 

)> 

>> 

10.02     „ 

1^ 

31' 

31" 

)  J 

>) 

11.35    „ 

4° 

39' 

3" 

J> 

j> 

3.51   p.m. 

4° 

36' 

51" 

J) 

j> 

5.33     „ 

Hiroshima       

4" 

31' 

17" 

)> 

28 

11.57  a.m. 

4' 

29' 

54" 

M 

j> 

3.50  p.m. 

4" 

28' 

32" 

3) 

)> 

9.35     „ 

4° 

27' 

OO" 

)9 

29 

5.33     „ 
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Station. 

Declin. 

Date 

8g  Hoar. 

Hiroshima   {conlimied) 

4° 

23' 

39" 

July 

29 

7.57  a.m. 

4° 

25' 

37" 

jj 

}} 

9.52     „ 

4° 

30' 

14" 

)j 

)j 

11.54     „ 

4° 

31' 

57" 

}> 

}> 

1.54  p.m. 

•4° 

30' 

39" 

jj 

>y 

2.53     „ 

4° 

28' 

9" 

n 

}} 

4.53     „ 

4° 

28' 

37" 

)} 

>j 

7.07     „ 

Wakvvau    

4° 

20' 

47" 

August 

0 

8.07  a.m. 

4° 

20' 

Ol-// 

)) 

}> 

8.31      „ 

4° 

26' 

28" 

V 

)) 

10.32     „ 

4° 

30' 

33" 

)} 

>> 

0.05  p.m. 

4° 

31' 

23" 

n 

}J 

2.03     „ 

4° 

20' 

8" 

)) 

}) 

4.34     „ 

4° 

24' 

}} 

}> 

0.02     „ 

4° 

24' 

43" 

J> 

)> 

0.51     „ 

Mého   

4° 

42' 

9" 

)) 

10 

7.32  p.m. 

4° 

41' 

52" 

)} 

11 

5.50  a.m. 

4° 

38' 

42" 

)j 

}) 

V.59     „ 

• 

4° 

38' 

32" 

); 

}> 

8.45     „ 

4° 

44' 

2" 

)} 

)} 

10.41     „ 

4° 

48' 

37" 

)} 

}J 

1.29  p.m. 

4° 

40' 

47" 

}) 

7} 

2.30     „ 

4° 

44' 

34" 

>} 

J) 

4.07     „ 

Pusau 

.^  0 

O 

34' 

30" 

>y 

13 

9.04  a.m. 

.10 

O 

38' 

52" 

J' 

}) 

11.18     „ 

no 
O 

40' 

20" 

}) 

33 

1.19   p.m. 

O 

40' 

18" 

3J 

33 

1.46     „ 

oo 
O 

38' 

45" 

>) 

>} 

2.42     „ 

3° 

SO- 

20" 

}} 

33 

5.16     „ 

O 

SO' 

58" 

)  J 

33 

9.00     „ 

Kurosaki   

4° 

35' 

15" 

}) 

15 

11.39  a.m. 
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station. 

Declin. 

Date 

Sc  : 

Hour. 

Kurosaki  [continued) . . . 

4° 

36' 

1 5" 

August 

15 

1.19  p.m. 

Sliiinokijima   

4" 

2' 

40" 

1} 

jj 

7.04  j).in. 

Fukuokii    

4" 

18' 

39" 

>) 

21 

i*.37  p.m. 

4° 

17' 

12" 

)} 

)) 

10.09     „ 

4° 

li- 

47" 

)) 

O) 

7.16  a.m. 

r 

lt' 

49" 

>> 

;; 

8.28     „ 

r 

17' 

26" 

;j 

yy 

9.25     „ 

r 

20' 

44" 

)) 

}> 

11.00     „ 

4° 

22' 

42" 

J) 

)) 

1.57  p.m. 

4° 

21' 

27" 

)> 

)) 

2.52     „ 

4° 

18' 

54" 

}) 

)} 

4.33     „ 

Nakiitsu     

4° 

27' 

35" 

}) 

24 

11.51  a.m. 

4" 

27' 

28" 

)) 

}) 

1.50  p.m. 

r 

2(3' 

23" 

}> 

>> 

2.40     „ 

r 

24' 

}) 

)) 

3.54     „ 

4° 

23' 

50" 

)} 

)) 

9.54     „ 

/ 

4" 

19' 

)) 

25 

7.31  a.m. 

4° 

19' 

13" 

)) 

>) 

8.50     „ 

4° 

19' 

50" 

>) 

)} 

9.54     „ 

Saganoseki      

r 

8' 

21" 

>) 

28 

7.30   a.m. 

4° 

8' 

31" 

}} 

)) 

8.44     „ 

4° 

12' 

46" 

)j 

y) 

10.08     „ 

4.° 

HV 

9" 

}> 

)) 

11.29     „ 

4° 

17' 

11" 

}> 

)) 

1.43  p.m. 

4° 

1-y 

14" 

}} 

}) 

3.07     „ 

4° 

12' 

iW 

}) 

>) 

4.36     „ 

llifhiya      

r 

r 

20" 

}) 

29 

2.51-  p.m. 

O 

59' 

30" 

J) 

>} 

4.45     „ 

o 

58' 

23" 

j> 

>i 

10.58     „ 

O 

57' 

15" 

)> 

30 

6.26  a.m. 

3" 

ob 

13" 

}j 

>) 

7  3-^ 
I.J-     ,, 
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Station. 


Hichiya  [continued) 


Miyazaki 


Yatsushiro 


Declin. 


OO 

O 


4° 
4° 

4" 
4° 


O 


OO 

O 


i>0 
Ö 


OO 

O 


OO 

O 


OO 

o 


OO 

O 


OO 

O 


OO 

O 


OO 

O 


4° 
4° 
4° 
4° 

4° 
4° 
4° 
4° 
3° 


OO 

o 


OO 

O 


3° 
3'* 


OO 

O 


58'  48" 
r  38" 
4'  23" 
3'  21" 
3'    8" 


2' 

9" 

50' 

2G" 

58' 

26" 

57' 

34" 

58' 

4" 

55' 

34" 

50' 

44" 

55' 

3G" 

55' 

51" 

10" 

59' 

38" 

T 

10" 

2' 

0" 

4' 

2'/ 

0 

15" 

0' 

20" 

5' 

38" 

.>'         (  o/' 

o    4'j 


'  50" 


59'  38" 
58'  33" 
58'  43" 
56'  1" 
56'  25" 
57'  55" 
3'     5" 


Date  &  Hour. 


Auofust 


September 


}) 


}) 


20     8.38  a.m. 
„      9.22     „ 
,,    11.38     „ 
31   11.34  a.m. 
„      0.05  p.m. 
1  iîO 
">  59 


4.00 
4.36 


)} 


}) 


,>      6.1 -J     » 

1  5.59  a.m. 
„      6.36  p.m. 

2  7.37  a.m. 
„      8.30     „ 

„      9.05     „ 

<)  43 
„    10.30     „ 
„    11.13     „ 
6     9.52  a.m. 
„    10.20     „ 
„    11.07     „ 
„      0.14  p.m. 
„      1.18     „ 
2.17     „ 
3.29     „ 
4.37     „ 
5.20 


j> 


y> 


}) 


/     7.55  a.m. 

„  8.26     „ 

„  9.08     „ 

„  10.46     „ 
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Station. 


Nnofasaki 


ILio- 


l"M 


Declin. 


(a  stone  removed)  * 


••)" 

;3r 

54" 

.>0 

05' 

30" 

oo 
'i 

:37' 

1  n- 

•> 

37' 

58" 

r 

20' 

4° 

30' 

32" 

4° 

30' 

0 

1° 

•28' 

27" 

4° 

28' 

:3" 

r 

27' 

42" 

4° 

27' 

42" 

4° 

27' 

27" 

4' 

27' 

4° 

29' 

3" 

4" 

30' 

23" 

4° 

32' 

0" 

4° 

33' 

8" 

4° 

3:3' 

38" 

4° 

33' 

40" 

4° 

33' 

40" 

4° 

33' 

30" 

4° 

32' 

:]0" 

4° 

31' 

20" 

r 

31' 

:}0" 

-1° 

••]1' 

]  0" 

4° 

29' 

58" 

4." 

29' 

38" 

4° 

29' 

o.->// 
■)0 

4' 

29' 

20" 

4" 

29' 

35" 

4° 

30' 

13" 

Date  &  Hour. 


September     10     9.12  a.m. 
„    10.04     „ 

11  -^1. 


'1 


M 


■j.»2  p.m. 


„      7.5G  „ 

15     0.22  a.m. 

„      4.09  „ 

„      ^-1  -^  „ 

„      ^.^-^  „ 
7  24 


7.52 


j> 


)> 


}} 


J» 


8.32 
„  9.15 
„  9.44 
„  10.10 
„    10.46 

„    ll.l"^  „ 

„    WAT  „ 

0.14  p.m. 

0.43  „ 

1.15  „ 

2.09  „ 

2.17  „ 
2.24  p.m. 
2.50  „ 
3.15  „ 
3.43  „ 
4.12  „ 
4.43  „ 

5.18  „ 


â54 


KNOTT  AND  TANAKÂDATE 


Station. 

Déclin. 

Date 

&  Hour. 

Hao-i  [continned) 

4° 

30' 

48" 

September 

15 

7.04 

p.m. 

4° 

30' 

45" 

» 

jj 

7.55 

33 

4° 

30' 

15" 

}i 

>> 

11.03 

ii 

Hamada     

4° 

34' 

58" 

jj 

16 

3.34 

p.m. 

4." 

35' 

0 

^» 

jj 

4.52 

>3 

4° 

36' 

8" 

j> 

>> 

5.48 

33 

4.° 

37' 

8" 

jj 

33 

7.27 

}3 

4° 

35' 

40" 

j> 

17 

7.29 

a.m. 

4° 

3ß' 

15" 

>j 

33 

8.15 

33 

4° 

37' 

10" 

>i 

3' 

8.51 

33 

4" 

39' 

43" 

j> 

'3 

9.40 

33 

4° 

41' 

0 

^) 

33 

10.25 

33 

4" 

42' 

20" 

J« 

33 

10.42 

33 

4° 

43' 

42" 

^5 

33 

11.45 

33 

4" 

43' 

7" 

» 

3) 

0.28 

p.m. 

4° 

42' 

•J 

J) 

33 

1.10 

33 

4' 

40' 

42" 

>J 

33 

1 .12 

33 

4° 

39' 

45" 

J> 

33 

2.08 

33 

4° 

38' 

37" 

3> 

3  3 

2.40 

ii 

4° 

37' 

56" 

JJ 

33 

3.12 

33 

4° 

37' 

37" 

J> 

33 

3.41 

33 

4° 

37' 

20" 

^J 

33 

4.08 

33 

4° 

37' 

31" 

3) 

33 

4.39 

33 

4° 

37' 

37" 

)> 

33 

5.09 

33 

4° 

38' 

h'  ' 

3? 

33 

5.38 

3) 

4° 

39' 

2'' 

3) 

^) 

6.30 

33 

4° 

39' 

35" 

3) 

33 

7.06 

33 

4° 

39' 

0" 

>J 

33 

7.42 

33 

4° 

39' 

0" 

>) 

3» 

8.12 

33 

4° 

38' 

50" 

Ï? 

33 

8.42 

33 

4° 

38' 

0( 

)J 

33 

9.25 

33 
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Station. 

Declin. 

Date 

& 

Hour. 

Kamadu  {continued)   ... 

•r 

:38' 

0 

September 

18 

2.02  a.m. 

4° 

W 

42" 

}) 

0.53     „ 

4" 

30' 

17" 

)> 

0.18     „ 

4° 

36' 

16" 

)) 

6.39     „ 

Matsue       

4° 

•56' 

3" 

20 

0.21   p.m. 

4° 

•52" 

)) 

0.32     „ 

4° 

OO 

19" 

)  J 

1.2.5     „ 

4° 

.54' 

22" 

M 

9  94 

4° 

.53' 

7" 

>> 

3.02     „ 

4° 

.51' 

52" 

>> 

3.48     „ 

4° 

•51' 

2'/ 

J» 

4.28     „ 

4° 

51' 

9" 

)) 

5.13     „ 

4° 

51' 

17' 

>» 

6.02     „ 

4° 

51' 

22'' 

>> 

7.5Ô     „ 

4° 

51' 

12" 

21 

0.35  a.m. 

4° 

50' 

9'' 

>> 

5.57     „ 

4° 

49' 

49" 

>5 

6.41     „ 

4" 

49' 

00" 

5J 

7.18     „ 

4° 

48' 

39'' 

M 

7.58     „ 

4° 

48' 

41" 

)» 

8.28     „ 

4° 

50' 

16" 

)» 

9.25     „ 

4° 

51' 

21" 

>) 

9.56     „ 

Imaichi      

4° 

45' 

51" 

0.) 

8.29  a.m. 

4° 

46' 

•53" 

J> 

9.10     „ 

4° 

48' 

41" 

>) 

9.50     „ 

■i" 

-50' 

1" 

)) 

i<:'.23    „ 

r 

•51' 

J> 

10.53     „ 

4" 

•52' 

1" 

)) 

11.16     „ 

r 

•53' 

21" 

)> 

noon 

4° 

53' 

31" 

>> 

0.32  p.m. 

4° 

■52' 

58" 

>> 

0.55     „ 
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KNOTT  AND  TANAKADATE 


Station. 


Imaichi  [continued) 


Kanomura. 


Déclin. 

Date 

&  Hour. 

r 

52' 

16" 

September 

22 

1  ..58 

p.m. 

4° 

51' 

26" 

J» 

5> 

2.49 

») 

4° 

50' 

56" 

J» 

3.26 

)) 

4° 

49' 

J) 

?» 

3.59 

>5 

4° 

48' 

26" 

>) 

J> 

4.42 

J> 

4° 

47' 

51" 

)> 

5) 

5.32 

>> 

4° 

48' 

11" 

5> 

>) 

6.05 

>> 

4' 

48' 

;33" 

)> 

)J 

7.28 

>1 

4° 

48' 

]8" 

J) 

5) 

8.01 

5) 

4° 

48' 

18" 

)> 

>J 

9.23 

>5 

4° 

48' 

6" 

>> 

23 

0.40 

a.m. 

4° 

47' 

18" 

>» 

)> 

6.09 

>> 

4° 

46' 

56" 

JJ 

)' 

7.24 

>) 

4" 

46' 

4:3" 

)) 

5) 

7.47 

>f 

■-  0 

9' 

1-5'' 

>J 

25 

11.11 

a.m. 

b" 

9' 

50" 

)) 

)) 

11.44 

>> 

-  o 

10' 

9" 

>) 

M 

0.32 

p.m. 

5° 

9' 

54" 

J> 

J) 

1.07 

>) 

5" 

9' 

39" 

J) 

>< 

1.52 

)j 

5° 

9' 

0" 

>) 

M 

2.38 

>> 

5° 

8' 

8" 

)> 

3.23 

M 

5° 

58" 

)) 

4.03 

>> 

5° 

8' 

48" 

>> 

5.04 

J> 

5" 

8' 

34" 

J) 

5.46 

>J 

5° 

7' 

40" 

)J 

5) 

7.31 

5> 

5° 

8' 

19" 

)> 

>5 

10.06 

)) 

5° 

8' 

15" 

)  J 

26 

5.55 

a.m. 

5° 

10' 

42" 

)) 

)) 

6.45 

M 

0° 

12' 

41" 

)> 

)» 

7.43 

J> 

-  o 

■J 

12' 

35" 

)) 

j> 

8.23 

5> 

-0 

•J 

12' 

56" 

)> 

j> 

8.56 

}) 
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Station. 

De  clin. 

Date  & 

TTour. 

Koyumamura 

ö' 

12' 

33" 

September     26 

0.41 

p.m. 

0° 

8' 

54" 

"                                         5» 

1.16 

>> 

5° 

0 

58" 

"                                        »» 

2.08 

)> 

-  0 
O 

7' 

3' 

"                                        J> 

2.37 

)) 

y 

G' 

57" 

"                                        )> 

3.25 

>j 

*  o 

7' 

25" 

"                                        J> 

4.08 

>> 

ù" 

4' 

42" 

"                                        M 

4.36 

>> 

h" 

r 

43" 

"                                        )> 

5.24 

>> 

5" 

0' 

30" 

"                                        J> 

6.10 

>) 

*■  o 

4' 

28" 

"                                         >> 

7.28 

)) 

5° 

r 

35" 

^J                                        J> 

8.40 

)} 

o 

10' 

)»                          ;j 

9.30 

)> 

5° 

r 

43" 

^'                           )) 

11.15 

)> 

•j° 

o 

20" 

^7 

5.47 

a.m. 

b° 

o 

0" 

>>                 >> 

6.20 

M 

y 

0' 

55" 

>'                  1) 

6.54 

>) 

5° 

Ö 

28" 

"                  )> 

7.16 

)) 

5^ 

O 

"                 j) 

7.30 

>> 

b" 

o 

"                 j> 

8.12 

)) 

■ 

ô° 

4' 

28" 

»                 )) 

8.48 

n 

h" 

4' 

24" 

"                 j> 

9.24 

)) 

•J 

4' 

25" 

^'                 )) 

9.58 

)> 

5° 

0 

27" 

"                 }> 

10.44 

5> 

y 

4" 

>>                 ^i 

11.22 

JJ 

b" 

()' 

43" 

>>                                            M 

11.51 

>J 

Maizuru     

•■  o 

o 

T     / 

54" 

30 

11.21 

a.m. 

5° 

2' 

25" 

ij                 jj 

0.10 

p.m. 

5^ 

1  / 

53" 

}}                 )) 

0.46 

j> 

-  0 

o 

1  / 

49" 

>}                 }> 

1.35 

>> 

5' 

1  / 

11" 

>>                            n 

2.15 

)) 

r 

59' 

■JO 

>>                            j> 

3.01 

1) 
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KNOTT  AND  TANAKADATE 


Station. 


Maizurii   [continued) 


Obama. 


D 

eclin. 

4° 

59' 

12" 

4° 

58' 

23" 

4° 

58' 

4" 

4' 

0/ 

oi  " 

4° 

58' 

10" 

4° 

59' 

21" 

4° 

58' 

51" 

4" 

58' 

47" 

4° 

58' 

44" 

4° 

58' 

4" 

4° 

58' 

29" 

4° 

57' 

54" 

•i° 

58' 

13" 

4° 

58' 

21" 

4° 

59' 

4° 

59' 

53" 

0 

U' 

M" 

4° 

54' 

10" 

4° 

54' 

51" 

4° 

55' 

25" 

4° 

55' 

58" 

4^^ 

56' 

41" 

4° 

50' 

51" 

4° 

50' 

18" 

4° 

55' 

20" 

4° 

54' 

10" 

4° 

53' 

43" 

4° 

53' 

42" 

4° 

54' 

47" 

4° 

54' 

31" 

4° 

54' 

40" 

Date  &  Hour. 


October 


jj 


September     30  3.39  p.m. 

„  4.18  „ 

„  ^^^  „ 

„  7.18  „ 

„  8.10  „ 

„  9.50  „ 

1  0.15  ci.m. 
„  3.22  „ 
.  4.47  „ 
„  ^.22  „ 
„  7.30  „ 
„  8.10  „ 
„  8.57  „ 
„  O.oO  „ 
„  10.01  „ 

„  10.18  „ 

2  9.39  a.m. 
„  10.14  „ 
„  10.50  „ 
„  11.50  „ 
„  0.31  p.m. 
„  ]-l'^  „ 
„  l.-Jl  „ 
„  2.52  „ 
„  3.50  „ 
„  4.52  „ 
„  Ö.20  „ 
..  6.44  „ 


}> 


)j 


}■> 


7.22 


8.51 
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Station. 

D  eclin. 

Date 

& 

Hour 

Obama  (continued) 

r 

54' 

3(5" 

October 

2 

10.53 

p.m. 

r 

53' 

51" 

}> 

3 

2.19 

ti.m. 

4" 

52' 

40" 

j> 

33 

<j.34 

33 

r 

52' 

10" 

n 

>} 

7.20 

33 

4° 

52' 

42" 

}) 

)3 

8.23 

33 

4° 

52' 

55" 

}) 

)) 

9.05 

33 

4° 

53' 

47" 

33 

33 

10.02 

}) 

tSliiuya, 

4" 

59' 

26" 

33 

4 

10.58 

a.  111. 

■J 

U' 

54" 

3) 

33 

11.30 

33 

0 

2' 

49" 

'3 

33 

0.22 

p.m. 

b° 

2' 

38" 

}) 

>» 

1.33 

)) 

o" 

1' 

20" 

)) 

33 

2.23 

}) 

4° 

59' 

36" 

)3 

33 

3.16 

>3 

4" 

58' 

21" 

)3 

>> 

4.22 

33 

4" 

58' 

31" 

>3 

33 

5.13 

33 

4" 

59' 

19" 

}) 

33 

6.09 

33 

4° 

59' 

28" 

}) 

33 

9.01 

)) 

4° 

59' 

34" 

33 

}} 

9.50 

33 

4° 

58' 

29" 

33 

5 

7.00 

a.m. 

4^ 

57' 

14" 

31 

}} 

8.15 

»3 

4° 

56' 

41" 

» 

33 

9.04 

33 

4° 

50' 

46" 

)) 

33 

9.54 

31 

4° 

57' 

49" 

)} 

33 

10.41 

33 

b" 

U' 

lU" 

)> 

)3 

11.27 

33 

b° 

1' 

49" 

33 

33 

0.31 

p.m. 

O 

■y 

8" 

33 

» 

1.00 

33 

5° 

V 

53" 

33 

33 

1.47 

33 

O 

U' 

16" 

33 

33 

2.59 

33 

4° 

58' 

29" 

33 

>> 

4.16 

33 

4" 

58' 

30" 

>i 

33 

4.55 

33 

4° 

58' 

49" 

33 

}f 

5.39 

}) 
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ËNOTT  ANt)  TANAKADATE 


Station. 

Déclin. 

Date 

&  Hour. 

Shioya   (continued)     . . . 

4" 

59'  46" 

October 

4 

6.36   p.u!. 

Nanao 

■^  0 
0 

5'  38" 

}} 

7 

10.13    p.m. 

0° 

4'     9" 

i> 

8 

0.52    a.m. 

5° 

4'  56" 

3) 

)j 

4.31     „ 

5" 

5'     5" 

)) 

>) 

5° 

5'  21" 

>) 

}) 

8.21      „ 

-  0 

4'  34" 

}' 

}•> 

9.24     ,, 

5'  18" 

}) 

>> 

10.09     „ 

ù 

5'  49" 

>} 

}> 

10.42     „ 

h" 

6'     8" 

>) 

}) 

11.41     „ 

-  o 
0 

6'  11" 

}) 

}) 

11.45     „ 

5° 

6'  50" 

)) 

)j 

0.35  p.m. 

•^  o 
O 

7'  16" 

J) 

J) 

1.18     „ 

0 

7'  15" 

}} 

)) 

*■  o 

0 

7'  21" 

JJ 

5> 

3.08     ,, 

0° 

6'  45" 

JJ 

J^ 

4.01      „ 

-  o 

■J 

5'  46" 

)> 

^> 

5.16     „ 

b° 

5'     6" 

J> 

5> 

6.05     „ 

-  0 

•J 

5'     6" 

3> 

JJ 

6.53     „ 

b" 

5'     9" 

n 

JJ 

7.29     „ 

^  o 

•J 

0    o4 

}) 

3^ 

9.32     „ 

-o 

o 

5'  2-5" 

y> 

JJ 

9.50     „ 

Tôkyô  (W)      

4° 

18'  56" 

Noveiiibei' 

8 

10.23  a.m. 

4° 

19'  43" 

J' 

>j 

11.29     „ 

4° 

2U'  27" 

J) 

}} 

0.13  p.m 

4° 

20'  15" 

>) 

jj 

1.17     „ 

4° 

19'  15" 

}) 

)> 

2.20     „ 

4° 

18'  3-5" 

}> 

jj 

3.10     „ 

4° 

18'  12" 

}i 

)3 

4.41     „ 

4' 

1  ^     1  / 

)j 

J) 

6.05     „ 

r 

17'  36" 

1  9 

7.38     „ 

MAGNETIC  SURVEY  OF  JAPAN. 
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Station. 

D 

eclin. 

Date 

& 

Hour. 

Tokyo  (W)  {conti nved) 

i  o 

17' 

.>!." 

November 

8 

8.:30  p.m. 

1  Û 

IS- 

••>2" 

)) 

0.2.'.     „ 

1  ^ 

IS' 

P,(i" 

}) 

^n.l7     „ 

1  ° 

17' 

48" 

0 

0.1  1-   a.m. 

1  ° 

17' 

54" 

j> 

<^.'îl     „ 

4." 

10' 

:Î0" 

J3 

8.04.     „ 

r 

•22' 

4" 

J> 

8.49     „ 

4." 

U»' 

40" 

>} 

0.40     „ 

4° 

10' 

15" 

•) 

10.28     „ 

4° 

10' 

2:3" 

3> 

11.21      „ 

TGkyn  (E) 


4°  19'  4:3" 

4°  10'  28" 

r  1  7'  40" 

4°  18'     4" 

4°  24'  17" 

4°  24'  :34" 

4°  24'  14" 

4°  2.5'     1" 

4°  24'  46" 

4°  2:3'     8" 

4°  22'  18" 

r  2:3'  28" 

1°  24'  1:3" 


1°     22'     3" 


4°  2:3'  13" 

4°  2:3'  31" 

4°  21'    11" 

4°  23'     0" 

4»  23'  .51" 

4°  23'   11" 

.1°  0-0'    i:>" 


3> 


„      1.02   p.m. 
„      2.05     „ 
„      3.45     „ 


„      5.38     „ 


10     0.55  a.m. 

,,    11.35  „ 

„      0.44  p.m. 

„      2.00  „ 

„      :3.10  „ 


„     4-54     „ 
„      0.34     „ 


7.20 


„  8.10  „ 

„  8.57  „ 

„  0.53  ,. 

„  10.33  „ 

1  1  1.00  n.m. 

„  ".00  „ 

„  8.08  „ 
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KNOTT  AND  TANAKADATE 


Station. 

Déclin. 

Date 

&  Hour. 

Tokyo  (E)   {contimted) 

4° 

22'  51" 

Nov 

ember 

11     9.02  a.m. 

4° 

2:r     9" 

>) 

„    10.02     „ 

4° 

2:3'  :38" 

)} 

„    H.O-J     „ 

4° 

24'  17" 

>} 

„       noon 

4° 

24'  11" 

>y 

„      l.-''^"  p.m. 

Jour.   Sc.  Coll.   Vol.   II.  PI.    I/I 


Jour.   Sc.  Coll.   Vol.  II.PI.l/ll. 


Ki>ll. 


Fig.2. 


Fi  g. 3. 


^-n     '<^ 


id 


^A^ 


^  I     5" 


>AA 


s-'A' 


Fig.4-. 


Fi  g.  5. 


Fig.6. 


i 


LU 


O 


h-^ 


-      p    ï 
^^    5     } 


0) 


•>*§'    s: 


< 


M 


O  or 
UJ  O 


.  |l  a  I  II  i  <i  S 1  ?  I  ni  I ..  s  5 1  *  ä  3  U  § 

a    i-.'a.î-=^-g*.o     Sais    »S-S'ï    y^    «    «    3    «    «JjSj    a 


âSSSS^SiS! 


iO-"o«o9*>«'öt-9oo>o 


S  £  «  « 


/! 


«  g  a       s 
'  I  1  -i  -E"  ^  s 


1 1 1 1  ¥  i  s  1  §  t^A'-s  1 1  i  2  S.  f  ä  a  1 1 .? 


o 

CO 


o 


fe^ 


-^ 


o 


i^î 


s\ 


^1 


0 

2 
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Determination  of  the  Thermal  Conductivity 

of  Marble. 

Kenjirö  Yamagawa,  Ph.  B. 

Professor  of  Physics,  Imperial  University. 


If  .1  solid  sphere  at  a  given  temperature  be  immersed  into  a 
water-batli  at  another  temperature,  and  the  water  be  stirred  vigorously, 
we  may  assume  that,  after  a  short  tiine,  the  surface  of  the  sphere  is  at 
the  same  temperature  as  the  bath,  provided  that  the  substance 
constituting  the  sphere  be  a  \evy  poor  conductor  of  heat,  such  as 
stone,  Avood,  &c.  In  fact,  most  determinations  of  the  conductivities 
of  these  substances  ai'e  based  on  this  assumption.  Tlu'  method  used 
in  the  experiments  to  be  described  in  the  present  paper  also  assumes 
this  fact.  A  stone  sphere  of  a  convenient  size  is  immersed  into  a 
liath  of  a  constant  temperature  for  a  certain  time,  and  is  then  suddenly 
taken  out,  and  dipped  into  another  bath  at  another  constant  tempera- 
ture f  )r  the  same  length  of  time  ;  then  again  into  the  first  bath,  and 
so  forth.  After  a  certain  iiuiidjer  of  cycles,  the  temperature  of  any 
point  in  the  interi<ir  of  the  sphere  will  Ije  subject  to  a  steady  oscillation 
about  a  definite  mean.  Ihe  determination  of  the  thermal  conducti- 
\iiy  of  the  substance  may  be  effected  by  observing  the  temperature- 
\  aviation  at  any  such  point,  say,  for  simplicity  the  centre. 

Through  the  kindness  of  Mr.  Nakano  of  the  Physical  Laboratory 
of  the  Kökwa  Daigaku  (Engineering  College),  the  sLone-spheres  used 
by  Professors  Ayrton  and  Perry  in  their  determination  of  the  heat- 
conductivity  of  stone  were  placed   at  my   disposal.     After   working 
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with  them,  liowcver,  I  ]i:ul  to  reject  them,  and  get  n  new  stone-sphere 
const  rueted. 

The  porjiliyritic  stone-spheres  of  l^rofessors  Ayrtoii  and  Perry 
were  found  to  increase  in  weiglit,  if  Icfr  \n]i<j;  enough  in  water,  espe- 
cially when  water  was  hot.  At  first,  it  seemed  natural  to  attrihute 
this  to  soaking  in  throngli  the  surface*;  and  yet  it  was  hard  to  believe 
that  soaking,  and  soaking  only  could  explain  such  a  great  amount  of 
increase  as  12  per  cent,  of  weight,  inasmuch  as  12  per  cent,  in  weight 
was  equivalent  to  some  30  per  cent,  in  volume.  Besides,  the  hole 
in  the  sphere,  which  contained  a  thermoelectric  junction,  was  always 
found  to  be  full  of  water — -a  fact,  hardly  explicable  by  surface  soaking. 
Various  devices  were  tried  to  prevent  this  supposed  soaking,  but 
without  any  success.  But  when  the  balls  were  repolished,  very  fine 
cracks  were  discovered.  These  cracks,  of  course,  fidly  explain  the 
increase  of  weight,  and  the  presence  of  water  in  the  hole.  But  ci'acked 
balls,  it  was  obvious,  could  not  1)0  used,  and  the  construction  of  a  new 
ball  was  necessary.  It  is  to  be  hoped,  that  the  cracks  did  not  exist  at 
the  time  when  Professors  Ayrton  and  I'eiTy  experimented  upon  these 
balls. 

A  sphere  of  10. 4()  cm.  in  radius  was  cut  out  of  a  block  of 
saccharoidal  marble  (crystalline  limestone,  CaCOg)  of  density  2.71.  A 
small  hole  ß  m.  m.  in  diameter  was  bored  into  the  sphere  radially 
towards  the  centre.  Into  this  a  nickel-iron  junction  enclosed  in  a 
fine  glass  tube  4.2  m.  m.  in  diameter  was  inserted.  The  jiuiclion 
itself  protruded  out  of  the  end  of  the  glass  tube  so  as  to  be  in  contact 
with  a  drop  of  mercury  at  the  centre  of  the  sphere.  The  end  of  the 
glass  tulie  wns  completely  closed  by  a  cement  ol'  Japanese  varnish 
(uruslti),  which  at  the  same  time  fixed  the  glass  and  junction-wires. 

•Professors  Ayrton  and  Perry  seem  to  liint  at  this  possiliility  iu  tlieir  paper  (see  Phil. 
Mag.  5th  Series  Vol.  V.  p   2r.7,  last  sentence  of  Section  VII.1 
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The  wires  used  tor  the  junction  were  .5  ni.in.  in  diameter;  coarser 
wires  having  been  found  to  produce  thermal  ettects  by  direct  conduc- 
tion from  parts  outside  Uic  sphere.  Even  the  glass-tube  itself  was 
found  to  be  a  similar  source  of  disturbance,  so  that  it  was  necessary 
to  protect  the  upper  part  of  the  tidjc  from  direct  contact  with  the 
water.  This  was  etfected  by  means  of  a  slightly  larger  metal  tube. 
This  metal  tube  was  provided  with  three  metallic  strips  of  a  cpuidran- 
tal  form,  wliich,  fitting  close  over  the  upper  half  of  the  sphere,  were 
screwed  to  three  similar  strips  from  l)eIow.  Where  the  tidoe  met  the 
three  quadrantal  strips,  it  expanded  into  a  disc,  which  iitted  well  on 
the  sphere  near  the  junction-hole.  After  the  insertion  of  the  glass- 
tube  containing  the  junction,  the  space  between  it  and  the  wall  of  the 
hole  was  filled  with  a  paste  of  zinc  sulphate,  minium,  and  linseed  oil. 
A  thin  coating  of  the  same  paste  was  spread  over  tlie  under  surface 
of  the  disc,  which  when  the  strips  were  screwed  tight,  prevented  any 
water  from  [)assing  into  the  hole  from  the  outside.  By  these  arrange- 
ments, the  heat  conducted  directly  through  wires  or  their  connections 
from  the  part  outside  the  sphere,  was  diminished  to  such  a  degree  as 
to  l)e  inappreciable.  These  precautions  were  f  jund  to  be  absolutely 
essential.* 

Another  thing  to  be  l<:)oked  to  carefully  was  the  stirring  of  the 
water  in  the  baths.  The  more  vigorous  the  stirring  of  the  water  in 
the  hot  and  cold  baths,  the  greater  the  range  between  the  maximum 
and  minimum  temperatures.  The  reason  was  that  when  the  agitation 
was  not  sufficient,  the  surface  of  the  sphere  was  not  at  the  same 
temperature  as  the  bath  itself.     With  increased   agitation,   however, 

•Although  Professors  Ayrton  and  Perry  speak  of  very  fiue  wire,  the  wires  I  found  in 
their  balls  could  hardly  be  so  designated;  the  copper  was  1.3  m.m.  in  diameter;  the  iron 
.7  m.m.  Further  the  copper  wire,  simply  coated  with  gutta-percha  and  cotton,  seemed  to 
have  been  directly  exposed  to  the  bath,  and  the  iron  does  not  seem  to  have  had  any  cover- 
ing at  all.  As  Professors  Ayrton  and  Perry  spoakof  careful  insulation  of  wires  from  water 
and  from  one  another,  probibly  the  wires  I  found  wereinsertedby  somebody  else  afterward. 
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Uie  «iirfiice  temperature  uiore  nearly  ap])roached  the  temperature  of 
the  bath.  There  .seemed  to  l)e  a  limit  to  this  effect  of  stirrinor  as 
indeed  there  oim-ht  to  1h»,  so  that  after  a  certain  deofree  of  asfitation 
further  inrrease  caused  no  appreciable  change  in  maximum  and  min- 
imum tenij)LTatures.  Al  this  limit,  it  may  be  supposed  that  the 
surface  temperature  was  same  as  that  of  the  bath.  The  experiments 
were  i)i'rformcd  always  with  tliis  limitinii'  vi":or  of  a"'itation. 

The  heating  bath  was  made  of  copper  of  about  oO  cubic  decim- 
eters in  capacity,  and  was  lieatcd  by  means  of  a  charcoal  fire.  The 
water  contained  in  the  bath  was  maintained  always  boiling.  In  order 
to  accomplish  this,  two  tubes  from  separate  boilers  were  dipped  into 
the  Ijath  so  as  to  have  their  muzzles  near  the  sphere,  wdien  the  latter 
was  in  position.  The  steam  from  these  tubes  kept  the  water  in  a 
constant  state  of  violent  agitation,  and  this  combined  with  tlie 
bubbling  of  the  water  itself  from  the  botton  of  the  bath  produced 
stirring  euDiigli  to  warrant  us  in  assuming  that  the  temperature  of  the 
surface  of  the  sphere  to  be  equal  to  that  of  the  Ijath. 

The  cold  l^ath  was  of  about  the  same  capacity  as  the  hot  bath, 
and  contained  water  mixed  with  a  large  quantity  of  pounded  ice. 
Over  the  bath,  a  tripod  of  wooden  poles  was  placed,  from  which  the 
sphere  with  its  accessories  was  suspended.  A  man  sitting  near  kept 
the  whole  apparatus  constantly  shaking  to  and  fro,  so  that  the  water 
in  contact  with  the  sphere  was  constantly  changing. 

The  stone  sphere  rested  on  a  horizontal  ring,  which  was  suspended 
by  four  stout  wires  from  the  thick  wooden  board,  which  served  as  a 
cover  for  the  l)atli.  The  l)i)ard  had  a  sliding  door,  which  was  closed, 
when  the  sphere  was  in  the  hot  batli,  and  opened  when  in  the  cold 
bath.  This  was  f  )uiid  necessary,  as  it  was  difficult  to  maintain  the 
water  in  a  l)oiling  slate  without  a  co\er  ;  and  then,  on  the  other  hand, 
when  the  s])here  and  its  belongings  wcreremoxed  to  the  cold  bath,  the 
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heated  board  and  ring-  seemed  to  retard  the  cooHng  of  the  ball. 

At  first,  it  wa.s  attempted  to  determine  the  temperature  of  the 
centre  by  the  method  of  compensation  ;  that  is  to  say,  the  electro- 
motive force  in  the  thermometric  circuit  was  balanced  by  an  equal  and 
opposite  electromotive  force  produced  by  a  second  junction  inserted 
into  the  circuit.  The  bath  int<i  which  this  circuit  was  put  was  heated 
or  cooled  until  the  galvanometer  gave  no  current.  The  temperature 
of  this  second  junction  would  then  be  the  same  as  temperature  at  the 
centi'e  of  the  sphere.  It  was  found,  however,  very  difficult  to  mani- 
pulate cooling  or  heating  of  this  external  bath  so  as  to  keep  pace  with 
the  changing  temperature  at  the  centre  of  the  ball.  The  results 
obtained  were  quite  irregular.  The  second  method  tried  was  to 
balance  the  electromotive  force  of  the  circuit  (the  junction  not  in  the 
ball  being  always  kept  at  0°  C.)  by  a  jwrtion  of  the  electromotive 
force  of  a  Daniel's  cell.  A  long  wire  was  stretched  to  and  fro  on  a 
board  a  considerable  number  of  times,  and,  with  an  additional  resist- 
ance of  40  ohms,  was  put  in  circuit  with  the  cell.  The  electromotive 
force  of  the  thermo-junction  could  then  be  balanced  by  the  ditference 
of  potentials  between  the  two  extremities  of  a  portion  of  the  wire. 
The  wire  was  gauged  inunediately  afterwards,  so  that  the  temperatures 
at  the  centre  could  be  at  once  deduced  from  the  measured  lengths  of 
the  portions  of  wire.  One  of  the  specimens  given  below  was  carried 
out  by  this  method. 

The  third  method  used  was  that  of  deflection  ;  that  is  to  say, 
the  external  junction  Avas  maintained  at  a  constant  temperature  ;  a 
sensitive  galvanometer  was  put  in  the  circuit  ;  the  position  of  the 
spot  of  light  in  the  galvanometer-scale  was  read  from  time  to 
time,  the  change  of  the  zero  point  l)eing  also  observed.  Directly 
after  an  experiment,  the  galvanometer  was  gauged,  so  that  the 
temperature   corresponding   to  any  particular  galvanometer  reading 
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C(>iil(l  be  easily  found.  This  would  be  :ui  exceedingly  Viiiuablc  nietliod, 
if  one  could  work  far  from  any  disturbing  sources.  In  tlie  present 
case,  every  precaution  was  taken  to  remove  any  movable  [)iece  of  iron 
and  otber  strongly  magnetic  substance  from  (he  neighborhood  of  the 
g'al\  aiintiieter.  Also  to  diminish  torsional  set,  the  galvanometer- 
mirror  was  suspended  l)y  a  real  s[)ider  line  ;  nevertheless,  the  zero- 
poinl  moved  as  much  as  o  divisions  in  öO  minutes,  lîelow  is  given 
the  result  obtained  bv  this  method. 

Owing  to  the  necessity  of  using  small  wires  for  junctions,  the 
resistance  of  the  circuit  was  considerable,  anujunting  t(j  more  than  (! 
ohms,  so  that  the  galvanometer  was  not  so  sensitive  as  might  have 
been  desired.  The  difference  of  a  degree  in  the  two  junctions  gave  a 
little  over  10  divisions  of  deflection.  The  thermometer  used  was 
graduated  to  flfths  of  a  degree  centigrade.  The  total  range  of  the 
temperature  in  the  second  experiment  was  something  below  45°  C. 
and  the  total  range  of  the  galvanometer  reading  was  a  little  below 
480  ;  we  can  only  be  sure  of  one  division  in  reading  ;  so  the  accuracy 
of  the  result  can  only  extend  to  something  like  one  or  two  tenths  of 
a  degree. 

When  the  temperatures  of  points  e(jually  distant  from  the  centre 

of  a  sphere  are  e(|ual,  the  differential  equation  to  be  satisfied  is 

la  _  K   /  l-u        _2_    lu\ 
It         ep  \  Sa;-         X     Ix  J 

u  =  temperatin-c 

e  ^^=  specific  heat 

p^  density 

X  =  conductivity 

t  =  time 

X  =  variable  radius 
The  well-known  solution  of  this  ecjualion  applicaljle  to  the  present 
case  is  * 


•  See  Thomson's  Art.  on  Heat,  in  Ency.  Brit.,  or  Thomson's  Math,  and  Phy.  Papers,  Vol. 
II.  paj;o  41.    In  thu  former  V  is  put  equal  to  n  k,  a  misiJrint,  which  is  corrected  in  the  latter. 
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whfro  C,  11,  find  D  ai'e  constants,  ;ni(l 
n  ncn 

The  constants  must  lie  determined  so  as  to  satisfy  the  surface 
condition.  In  the  present  case,  for  tlie  first  half  of  the  cycle  or  period, 
the  temperature  of  the  surface  is  J,«.,  and  during  the  last  half  of  the 
period,  it  is  --,<(,  Avhere  a  is  the  difference  of  temperature  between  the 
two  baths,  and  the  mean  temperature  is  adopted  as  zero.  The  surface- 
condition  is  then  satisfied  by 

^      ,        2a    (   1     .      27r            1     .     ^    27r 
J  (t)=  —  j  ~pS(/i  -7jr  *  +  7]"«'"  3    J,    t  +    

+  ^sini      ,     t+    I 

T  being  the  period,  and  i  any  odd  number. 
Xow  if  we  take 


A,  =  Ve'-"''  +  £+-"'■-'-  2  cos2Pi'x 

T,        .     -1  s'"'^'^  siH(Z»i—i^i-a;)  — £"'■*■■'  sin  {Di+  v-^x) 
til  =  tan     7 7 

Then 

M=   ^Y.^,AiSm[-2nit  +  Bi) 

Putting  x  =  X,  ihe  radius  of  the  sphere,  we  have 


«.. 


■.r  =  X 


-fit). 


If  we  denote  what  becomes  of  Ai  and  Bi  v\'hen  x  in  them  is 
made  equal  to  A',  liy  -^;  and  B,,  then,  comparing  the  two  values 
of  /(  t),  we  nuist  have 

i  being  any  infcger,  jmd  C;  vanishing  f  »r  even  fcrnis.      Hence 

•  k  is  wliat  ThouiRon  calls  (liffiisivity  of  heat. 
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and  Di  is  lo  be  determined  l)y 

Hence  the  general  solution  is 
]  -1^)'  =  «)  2(iX 


V  = 


^  ^/  =  i  in  ^^-WX  +  ^  2,,iX  _  ,  ,,,o„  «x  1  V  ^  >* 

This  solution,  however,  is  only  true,  when  the  c^'cliial  process  of 
heating  and  cooling  has  been  repeated  for  an  intinite  luuubcr  of  times, 
so  as  to  ettace  completely  the  trace  of  the  initial  distribution  of  tem- 
perature. If  by  repetition  of  the  cyclical  process,  the  initial  effect  be 
completely  destroyed,  then  the  temjieraturc  distribution  would  depend 
on  the  surface  condition  only.  Ihit  the  solution  satisfies  the  surface 
condition,  and  the  ditferential  equation  ;  therefore  the  value  of  it  cor- 
responding t(j  any  valne  of  t  and  x  must  give  the  temperature  at  x 
and  at  t.     Hence  the  solution  is  unique. 

When  X  is  made  ecpial  to  zero,  the  value  of  «  will  rcjiresent  the 
temperature  at  the  centre.  Denoting  by  m,,)  the  value  of  «  for  x—O^ 
we  obtain 


4rt  s:^i  =  <^  Pr  X 

%,= 2j  .    = 


\.:..{^..,>) 


""       ^  =  1  i  v/  £--  '■'■'  ^  +  £-'■''  ^  ^  2  COS  2  y ,.'  X 

TT 

or  changing    l>i  to  ß^—  -—- , 

which  might  br  written 

u„  =  ai  sm  (-^  t  4-  /3,  j  +  a^  sin  (■'>  ^  t  +  ß-^)  +  &c. 
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X(i\v  ii'  \vc  ik'tennino  the  vnlues  i)f  h,  lor  different  valiie.'5  of  time, 
the  a'siind  ß's  might  be  determined.  As  tht'  series  is  n  rii})idly  eon- 
verging  one,  we  may  stop  at  4tli  nv  5th  term,  and  then  with  a  large 
numhi'r  of  (h'termination  of"  «„  for  different  timea,  we  may  determine 
the  values  of  the  a's,  and  ß's  by  the  method  of  least  squares.  There 
is  however  annlher,  and  far  simpler  method,  which  in  this  particular 
ease,  at  least   is   no   less  accurate.      Jhe  above  equation  might  be  put 

^     .     -In  .     ^  2Txt 

?fi=-,  ai  cos  Pi  sin  —^  <  +  Xi  sin  Pi  cos     ,., 

-TT  'lilt 

+  0C3  COS  ß.  sin  o  -yp-  t  +  ct;!  sin  ß^  cos  '■)    ,., 

+    &c.  &c. 
If  we  multiply  this  ])y 

sill  — „,     t  dt  or  cos    ,„     t  dt, 

and  integrate  from  <  =  0,  to  <— 2',  all  the  terms  of  the  right-hand 
member  of  the  equation  will  in  the  usual  way  vanish,  excepting  one, 
whicli  is  the  term  of  the  /th  order.      The  equation  is  then  reduced  to 


.      -lin        ,  T 

ii„sin     ,.,     t  at  ^  ^^  ocicos  ß^         or 


r 

)(„  COS    >_     t  at  ^  -^  «i  sill  ßi 


The   first   members   of  these  eijuafioijs  are  simply  the  areas  included 
between  the  i-axis  and  the  <'urve. 


sin  /  2i7T     \ 
y-'""cos{  T    0 


between  the  limits  <  =  (),  and  /  =  '/'.  X(nv  from  the  values  of  «„  and 
corresponding  t,  different  values  of  ij  corres[)on(bng  to  /-  are  to  be 
found,  and  the  curve  carefidly  ih-awn  on  section-paper.  V>y  means 
of  a  planimeter,  the  cpiadrature  «an  l)e  easily  effected.      If 

T  T 

-:j-  a,  cos  /3j  ==  At  ;  —  oLi  sin  ßf,  ==  Al 
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tlicn 


tan  ßi  =  -j- 

\'>y  this  lacdiotl,  a's  :iiid  ß's  can  he  luimd  willi  an  accuracy  v\[un\  to 
lliat  of  the  experiment. 

The  determination  of"  the  amplitude  a^  of  any  term  of  tlic  series 
wonld  enable  us  to  calculate  the  value  of  the  conductivity.  If  we 
were  to  determine  all  the  a's,  the  value  of  K  calculated  from  each 
Avould  be  same,  provided  that  the  exi)eriment  had  been  performed, 
so  as  to  satisfy  all  the  theoretical  conditions.  But,  from  necessary 
imperfections  of  experiment,  the  ^'alues  would  almost  certainly  all 
differ  from  one  another.  Inasmuch,  however,  as  the  first  term  is  by 
far  the  most  important,  we  may  safely  assume  that  the  value  of  A' 
calculated  from  it  cannot  be  far  from  the  truth. 

In  the  same  way,  different  /3's  will  give  different  values  of  7v  ; 
but  for  the  i-eason  just  given  the  one  obtained  from  ß^  will  probably 
be  a  better  \-d\nc  than  that  dcducible  from  any  of  the  other  ß's.  In  the 
following   calculation,  the  values  were  obtained  from    ai  and  ß^  oidy. 

The  value  of  ß^  cnabK'S  us  to  calculate  7^i ,  and  7)^  is  related  to 
the  other  (juantities  by 

-S.  =  0 
Hence 

,       ro       n        £""''  •'•"  -sm  (7^-  f','  A')-  g'-'  ^  sin  (L>,  +  ;-,'  X  ) 

tan  Jü i=  V  =  pf^ T-Y 

£-'■'•'  ^  cos{l>,-  ;^'  A-  )  -  £ "'■'  ^  cos  (D,  + 1^'  A'  ) 

or  £-",iXs)«(7>j— ;^i' A')  =  £'V ''^'  si«  (Z^  +  F;' A' ) 

putting  /'j'  A'  =  Si 

we  find  sin  {D,-  5.)  -=  £2«/  sin  (7>,+  S,) 


hu,  ir^  +  ^f'  "^  ]    tan  S^ 


or 

And  when  .V.  is  large, 

tan  I>i=  ±  tan  (nn  ±  S^) 
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The  following  diagi'am  shows  tlie  relation  between  S  and  D. 

Curve  showing  relation  between  D  and  S. 


From  the  diagram,  it  is  easy  to  see  that  for  a  value  of  D,  there 
are  infinite  number  of  values  of  S.  lUit  we  are  enabled  to  select  the 
proper  value  by  comparison  with  that  obtained  from  the  value  of  a. 

Out  of  many  experiments,  the  following  two  are  taken  as  speci- 
mens. In  the  first,  the  period  was  50  minutes  or  3,000  seconds,  and  the 
readings  were  taken  during  the  8th  period  from  the  beginning  of  the 
cyclical  operation.  It  was  found,  that  after  the  (ith  period,  the  mean 
value  of  the  temperature  at  a  point  I'emained  sensibly  constant,  or  in 
other  words  the  trace  of  the  initial  distribution  of  temperature  was 
com[)letely  effaced,  so  far  at  least  as  experiment  can  tell  us.  The 
experiment  was  conducted  according  to  the  potentiometer  method. 
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Experiiiieiit  on   May   7 — 1888.      The  teinprrutiires   wore  deter- 
iniiieil  l)v  the  method  of  potoiitionieter. 

First  Specimen  Experiment.    Period  3000  sees.    8th  Cycle 
Zero  of  temperaturs  —  50"  c. 


Poti'iitiouu'tt'i- 

('.prn'spiiiiiliui; 

Til  lit' 

l'otl'lXtioUll'tiT 

Om-ri'siionding 

']'iine 

Ifcailint;. 

Teuiporature. 

in  Seconds. 

Ki'ailini^. 

Temperature. 

in  Seconds. 

9  1.1. 

-22.95 

7 

268.8 

24.65 

i7(;2 

84.2 

-2 -5. 6-5 

/  ■> 

27:5.0 

25.75 

1 820 

76.0 

-27.90 

Mii 

275.2 

26.01 

1875 

(i4.0 

-01.00 

014 

275.3 

26.:):! 

1  928 

66.1 

-00.7.-, 

065 

266.0 

2:î.90 

2():i7 

7-").4 

-28.10 

178 

250.9 

20.65 

2157 

99.4 

-  21.6.J 

i;i(i 

220.8 

1  1 .85 

2022 

112.1 

-18.1  :, 

71  1 

208.11 

8.1(1 

2076 

117.0 

-    16.65 

7  17 

206.(1 

7.85 

2091. 

1 02.8 

- 1 2.25 

80:'. 

182.0 

+    1.20 

2197 

148.7 

—    7.75 

911 

1 60.5 

-   0.75 

2590 

161.9 

-   4-.25 

982 

1 5:3.6 

-   6.40 

2607 

1  78.0 

+   0.12 

1071 

146.1 

-    8.50 

2676 

187.4 

2.70 

1  ;  1  (  1 

Pîii.l 

-  1 1 .22 

27:!1 

193.7 

1.10 

1  1  H(i 

120.1 

-15.05 

2802 

204.2 

7.11) 

1  2  12 

1 1  7.6 

~  1  6.60 

2845 

219.4 

1  1.50 

1015 

106.:! 

-19.75 

2914 

201.0 

11. 72 

1  1-26 

1  00.0 

-20.Ö0 

2942 

206.8 

16.17 

1528 

96.8 

-22.25 

2982 

Tlie  second  cohmm  wa.s  ealcuhited  by  means  of  tlw  following  table 
(il  if  Mined  by  ganging  the  wire. 

Potentiometer  Reading  and  Temperature. 


Potentiometer 

Corresponding 

Potentiometer 

t'orresponding 

l.'eailintc. 

Temperature. 

1,'eadiug. 

Temperature. 

29!).  5 

:32.70 

1  :!!».(; 

10.50 

25(1.:; 

1  9.0J 

1  1  1  .  1 

-    lH.:;o 

210.1 

10. -SO 

75.  / 

-    28.00 

IS  1.(1 

+       1.85 

:!9.7 

-    :i8.:;5 
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A  ciu've  \v'(s  careftiUy  drawn  from  the  numljcrs  in  the  second 
table,  and  tlie  temperatures  corresponding  to  the  numbers  in  the  second 
coliiinn  i)f  the  first  table  were  carefully  interpolated. 

The  carve  representing'  the  temperature- variations  at  the  centre 
is  here  a'iven. 


Temperature  Variation  at  Centre. 
Period  =3000  Sec;  8th  Cycle. 
Temperature  m  Centigrade. 
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From   this   onvvo,    tein])oratiiros    rorrosponiliniif    to    every    41.0 

-  o 

.seconds  or  to   f=  T  —. —  were  cnliMiliited,  nrid  the  curves 
y  =  ?(„  mil   It:  -qr 

=  7f,,  COS     -TT  -ypr 

were  (h'nwii  ;  cnrefnl  measiireinents  <rjive 

A^=  -  24787. 

A[=  -  :52294.(;. 
whence 

ß^  -=  .-,2°-2!V_:U" 

a,-    -   27.1  :iO 

Referring  to  the  curve  sliowing  tlie  relation  hetween  D  Mnd  N, 
we  nt  once  see  that  tlie  vahie  of  .S,  must  he  nearly  tt.  Now  assuiiiing 
that  .S\  is  near  tt,  e"-'"'  would  he  exceedingly  small,  so  tliat  it  is  negli- 
gihle  in  comparison  with  £+-'^'  ;  and  with  an  assumed  a|)|iroximate 
value  for  2  co.s  2.S',,  the  value  of  a,  gives 
,S,  =  2.990 

If  -S'l  l)e  near  tt,      .^,        ,    mnv  he  taken  ciiual  to  iiiiitv  for  a  hrst 
'  e  i'^i  —  I  ■  ' 

a])])roxiuiation  ;    then 

tan  l>i  ^  ±  tail  (^ii  n  +  S^) 
Hence 

S^  =  :5.272  or  =  :î.01 1 

If  we  eidculate  ^ifroni  these  values,  we  o])(ain  respecjtively 

ai  =  -  22.:i8  and  ol^  -  -  2(1.1  !■ 

Theri'fire  the  second   \ahie   must,    he   tlie  first    a[)[>ro.\imalion    to   the 
true  value. 

As   — :;^ j-  varies  very  slowly  when  N,  is  large,  to  calculate  it. 
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wc  take  6',=  3,  and  we  obtain 
S,  ^  :3.012 

Again  making  S',  =  3.012  in   — ^g  _  .    ,  we  got  the  same  value 

Si  =  3.Ul2 
so   that   this   which    is   the  ealculated    vahio   <jf  S^  from  /S,  must   Ije 
correct  to  a  unit  in  tlie  hist  figure.     But 

■li  —     /.I  (J .)  -<»■ 

J.    Oj- 

and    the   mean   value  of  two    specific   heats   f(jr  marble  obtained    by 
Kegnault  is  .21287.*     Assuming  this  value  and  the  mean  value  uf 
iS'i  as  determined  from  ai  and  ß\  =  3.001,  we  obtain 
K  =  .007o4  c.g.s.  centigrade. 


Experiment  on  May  14 — 1888.     The  temjjeratures  were  deter- 
mined by  the  method  of  deflection. 

Second  Speciraen  Experiment  Zero  point  —347. 

Period  ^^  40  minutes     14th  Cycle 

Zero  of  Temperature  =50°  c. 


(jalvanometcr 

Corresponding 

Time 

Cialvanou'eter 

Cdrrespomling 

'i'imo 

Keiuiing. 

Temperature. 

in  Minutes. 

Keacliug. 

Temperature. 

in  Minutes. 

-     56 

-    14.44 

.5 

-    144 

-   24.97 

6.75 

-     68 

-    15.90 

1.0 

-   143 

-   24.80 

7.0 

-     80 

~-   17.30 

1.5 

-   140 

-  24.47 

7.5 

-     90 

-   18.50 

2.0 

-  135 

-   23.85 

8.0 

-   101 

-    19.80 

2.5 

-   129 

-   23.20 

8.5 

-   Ill 

-   20.94 

3.0 

-    121 

-    22.17 

9.0 

-   119 

—    21.90 

0.5 

-    113 

-   21.24 

9.5 

-   128 

-   2o.07 

4.0 

-     61 

-   15.07 

12.0 

-  l;J5 

-   2:3.85 

4.5 

-     58 

-   14.70 

12.5 

-    140 

-   24.47 

5.0 

-     47 

-   13.35 

13.0 

-    112 

-   24.77 

5.25 

-    ^6i^ 

-   11.70 

13.5 

-    144. 

-   24.97 

5.5 

-     21 

-    10.31 

1 4.0 

-    115 

-   25.07 

5.75 

-      10 

-     9.07 

14.5 

-    145 

-   25.07 

6.0 

+              ^> 

-     7.54 

15.0 

-    145.5 

-   25.10 

6.25 

16 

-     6.07 

15.5 

-   145 

-   25.07 

6.5 

29 

-     4.54 

lO.U 

•  See  Clark's  Constante  of  Nature,  Specific  Heat  Table. 
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Cialvanouietor 

Corresponflinf; 

Time 

Cialvanimieter 

C-^oraesprinilinf; 

Time 

Keading. 

Temperature, 

in  Minutes. 

Ke.ading. 

Temperature. 

in  Minute.''. 

32 

-     4.17 

Ki..". 

2  1 2.5 

19.26 

27.5 

80 

+      2.33 

18..-) 

211 

]!».10 

27.75 

IUI) 

3.')(i 

]9.0 

2  10.5 

19.03 

28.0 

111 

4.83 

19..'> 

2:i9 

18.86 

28.25 

I2> 

G.23 

2(_).0 

237 

18.60 

28.5 

1  :•,  t 

7.|() 

20. .5 

235 

1  HAo 

28.75 

1  U> 

8.8(i 

21.0 

233 

18.23 

29.0 

!.-.;; 

9.9:; 

21. .J 

225 

17.40 

29.5 

1(18 

11.23 

22.0 

217 

16.60 

30.0 

177 

12..VÎ 

22.-5 

208 

1  5.5(; 

30.5 

I  88 

13.1.0 

23.0 

197 

1  1.43 

31.0 

lit'.» 

ll-li:J 

23..-) 

LS  5 

13.13 

31.5 

0117 

lÔ.ÔO 

24.0 

171 

11.86 

32.0 

21Ü 

Kî.ôU 

24..5 

1 59 

10.23 

32.5 

221 

16.90 

24.75 

1  16 

8.86 

33.0 

22-5 

17.40 

2.J.0 

74 

+        .56 

35.5 

228 

17.73 

2Ô.20 

60 

—       1.00 

36.0 

231 

18.10 

25.5 

17 

-      2.40 

36.5 

234 

18.33 

25.75 

oo 

-     4.10 

37.0 

237 

18.00 

2(i.O 

19 

^     5.70 

37.5 

239 

18.8() 

26.25 

+        Ö 

-     7.20 

38.0 

240.5 

lO.o:! 

26.5 

-       8 

-     8.77 

38.5 

242 

19.2:! 

27.0 

-    19 

-    10.10 

39.0 

242.5 

19.i(i 

27.25 

-     32 

-    11.60 

:!9.5 

Galvanometer  lieadiiig  iiiid  C<:)rresponding  Temperature. 
Zero  point  of  the  galvanometer  -  -347. 


Galvanometer 

Correspunding 

Ualvanometer 

Corresponding 

Keading. 

Temperature. 

Heading. 

Tenipei-ature. 

279 

23.10 

—       1 

—    7.98 

217 

16.60 

—  43 

—  12.90 

195 

14.20 

—  98 

—  19.40 

142 

8.40 

—140 

—  24.50 

95 

+   3.05 

—  157 

—  26.60 

+   50 

—  2.05 

—206 

—  32.20 

The  second  column  of  the  lir.st  table  wa.s  obtained  by  interpolation 
i'roiH  the  ruvvc  drawn  from  the  second  t:il)le.  The  curve  shdwing  the 
tempérât  lu-e  variation  at  the  centre  is 
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The  curve  is  even  more  free  from  irregularities  than   the  curve 
for  the  first  experiment.     The  same  process  of  calculation  was  per- 
formed in  order  to  obtain  the  values  of  A^  and  A[  ;  and  they  are 
A,=  -  21942.9;  A{  =  -  12547.G 

And  consequently 

ai=  -  21.0G4;  ß,  =  2Q°-i-y-U" 

Calculating  from  ai  we  gets  for  -S'j  the  value 

o.ooo 

Calculating  from  ß^  is  in  the  same  way  as  before,  we  get 
S,  =  3.407 

If  we  take  the  mean  value  of  the  two,  we  obtain 

S,  =  3.383 
Then 

The  results  from  the  two  experiments  do  not  differ  from  one 
another  by  more  than  If  per  cent,  and  the  mean  value  of  K  from  the 
two  experiments  is 

ii:  =  . 00728 

The  value,  however,  differs  much  from  values  obtained  by  pre- 
vious experimenters,  as  may  be  seen  from  the  appended  table. 

G.  Forbes White  marble OOllo 

Péclet Marble 0018 

Depretz  Fine-graiued  marble^  (density=2.68)   .0097 

Ditto Sugar- white,   coarse-grained    marble 

(density  =  2.77)     0077* 

Herschel Marbles,   limestone,    etc 0047  to  .OOÔG 

The  second  marble  experimented  upon  by  Depretz  seems  to  have 
been  very  nuich  like  the  marble  used  in  my  experiments,  and  the  value 

•  See  Everett's  Physical  Constants. 
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is  very  much  like  the  one  obtained  by  me.  We  may  therefore  assume 
that  the  value  A' =  .0073  is  not  very  far  removed  from  the  true  value 
of  the  thermal  conductivity  of  white  coarse-grained  marble. 

The  present  mode  of  experimenting  seems  to  be  open  to  criticism 
in  one  respect  only — namely,  the  method  of  determining  the  tempe- 
rature at  the  centre.  With  a  distinct  improvement  in  this  particular, 
the  accuracy  of  the  final  result  would  be  greatly  enhanced.  It  is 
hoped  that  such  improved  experiments  may  be  undertaken  at  some 
future  time. 

The  experiments  here  described  were  all  performed  by  Messrs. 
K.  Ikeda  and  M.  Ogawa,  chemical  students,  while  working  in  the 
Physical  Laboratory,  under  my  direction. 


Combined  Effects   of  Torsion  and 
Longitudinal  Stress  on  the  Magnetization 

of  Nickel. 

By 

H.  Nagaoka,    Rigakushi. 

of  t)ie 
Imperial  Uuivevsity. 


With  Plates  XYI- XIX. 


The  crt'ect  of  torsion  in  altorino;  tlit'  induced  inno'netisni  of  iron 
lias  long'  cngaut-il  tlic  iittontion  (^f  many  physicists.  Among  the 
experimenters  in  this  helil  of  research  may  he  named  Wertheim, 
Wiedemann.  Tliomson,  and  Tomlinson  (wliose  latest  work  on  such 
subjects  T  have  not  yet  seen.)  The  experiments  of  Wiedemann  were 
made  hv  twisting  and  untwisting  the  wire,  which  was  placed  hori- 
/.ontallv  in  a  magnetizing  solenoid,  till  the  changes  of  magnetism 
became  cydic.  lîui  it  was  Tliomson  who  tirst  investigated  the  etfect 
of  torsion  on  the  magnetism  of  iron,  the  wire  being  at  the  same  time 
subject  to  definite  longitudinal  stresses,  in  his  experiments,  the  soft 
iron  wire  was  placed  vertically  in  the  earth's  tield.  Xo  one  seems  to 
have  made  similar  experiments  in  dilfVrent  magnetizing  fields.  Scanty 
though  this  kind  of  investiiration  bis  been  for  iron,  it  is  still  more 
scanty  for  nickel.  Indeed,  so  far  as  I  am  aware,  the  effect  of  torsion 
on  the  mao;netism  of  nickel  wii-e  under  various  longitudinal  stresses 
has  not  hitherto  been  investigated.     This  accordingly  was  the  problem 


i>8t 


II.     \ At  I. voie. \ 


I  rosolvod  to  iittacl;  :  tmd   the  results  (Iml  h;i\o  1)ccii  (ilihiiiifd    will,    f 
believe,  he.  foiiml  to  contain  distinet  novelties. 

It  is  Well-kill iwn  from  tlie  I'esults  of  \  iirioiis  experiinenfers  that  Tiv 
the  application  of  longitudinal  stvf.ss,  tlie  magnetisni  of  iron  inereases 
up  to  a  certain  critical  load,  wliile  that  of  nickel  always  diniinishes. 
Thus  we  should  naturally  expect  that  the  etfect  of  torsional  stress  on 
nickel  will  he  opposite  to  that  on  iron.  According  to  Thomson's 
experiments,  the  effect  of  torsion  on  the  niagnetistn  of  iron  is  to 
increase  it  at  first,  but  wlien  the  twist  exceeds  a  certain  angle,  it  tends 
to  diminish,  while  on  untwisting  it  inci'eases  and  attains  its  former 
value,  and  similar  things  take  place  when  the  wire  is  twisted  in  tlie 
opposite  direction.  So  with  nickel,  it  seemed  quite  likely  that  there 
will  be  decrease  of  magnetism  till  the  twist  reaches  a  certain  value, 
and  lievond  this,  the  magnetism  of  nickel  will  increase,  which  on 
untw^isting  ngahi  decreases  to  its  former  value.  In  fact,  this  is 
exactly  repi-oduced  in  one  of  "Wiedemann's  experiments,*  the  curve 
obtained  being  just  the  reverse  of  one  given  by  Thomson. f  l>ut 
Wiedemann's  result  was  obtained  by  simply  clamjnng  the  wire  in  a 
horizontal  position,  so  that  the  wire  was  subject  to  a  weak  longitu- 
dinal stress  only.  On  this  account,  the  combined  effect  of  jtull  and 
torsion  on  the  magnetism  of  nickel  was  still  a  matter  tobe  determined. 

\n  the  following  experiments,  1  have  examined  these  points,  and 
liave  found  that  the  longitudinal  stress  produced  a  singular  eft'ect.  For 
weak  stresses,  the  changes  of  magnetism  came  out  as  was  to  ])e 
expected,  but  when  the  load  exceeds  a  certain  limit,  this  is  no  longer 
the  case.  The  changes  of  magnetism  becomt'  gradually  altered,  and 
beyond  a  critic;d  value  of  the  longitudinal  stress,  one  <-nd  of  the 
nickel  wire  acquires  the  two  opposite  kinds  of  magnetism  during  the 


•Wiodemann's  Annalon,  Bd.  20,  S.  37G,  ISSiV 
fPhilosophiciil  'I'ransaotiiinB.  1S79,  p.  72. 
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torsion  and  detorsion,  uotwith.stunding  the  alj.suliite  coiistuncy  of  the 
magnetizing  force  botli  in  diivction  and  magnitude.  This  critical 
vahie  of  the  load  seems  to  vary  with  the  fstreno'th  of  the  mag-netizinf 
field,  becoming  greater  as  the  Held  is  increased.  All  these  points  Avill 
be  described  in  the  following  pages. 

I  must  here  expi'ess  my  tlianks  to  Dr.  C.  G.  Knott,  for  his  kind 
suggestions  during  the  course  of  experiments. 


The  intensity  of  magnetization  was  measured  by  a  direct  inagnet- 
ometric  metliod.  The  magnetometer  consisted  of  a  small  mirror 
hung  by  a  spider  thread  11  cms  long.  This  was  geometrically  fixed 
in  position  on  a  wooden  plank  according  to  Thomson's  method  of  the 
hole,  slot,  plane.  Levelling  was  effected  by  three  base-screws.  In 
front  of  the  magnetometer  a  lamp  was  placed,  and  the  image  of  the 
slit  was  reflected  on  a  circular  scale.  Its  radius  was  1  metre,  and 
it  was  so  placed  that  the  magnetometer  was  just  at  its  centre.  The 
wire  to  be  examined  was  set  vertically  due  east  of  the  magnetometer. 
The  upper  end  of  the  wire  was  level  with  the  centre  of  the  magneto- 
meter mirror.  i'o  each  end  of  the  wire,  a  short  stout  brass  wire  was 
brazed.  I'he  lower  of  these  was  bent  into  a  hook,  so  that  a  pan 
holding  the  weight  could  be  hung  from  it.  The  uppei-  one  was 
ri\eted  to  a  strong  brass  rod  projecting  from  the  middle  of  tlie  side 
of  a  table,  w  iiich  rested  on  stone  piers.  The  nickel  wire*  was  sur- 
rounded by  a  magnetizing  c(nl  rl5  cms.  long.  The  resistance  of  the 
(;oil  was  IS*. (I  Ohms,  and  the  strength  of  the  held  for  a  current  of  one 
ampere  was  138.4  C  < J.  .S.  units.  The  magnetizing  current  was  sent 
from  1:^  Daniel  I  cells,  and  its  strength  was  adjusted  by  means  of  a 
liquid  slide,  and  measured  by  a  tangent  galvanometer. 


•  This  mre  contained  1.7  per  cent,  of  iron,  Ijesides  small  rjuantities  of  carbon  as  iuipuiutics. 
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Tliu  twisting  apparatus  is  shown  in  tiir  suljjuincd  cut. 


It  consisted  ui'  two  liollow  evJinders  of  '2.h  cms  radius.  Tlic  lower 
cylinder  was  iixed  to  a  tripod  stand,  while  tlie  upper  one  litted  int(j  it, 
and  Avas  movable.  The  latter  was  graduated  on  its  external  cylindri- 
cal surface  at  intervals  of  20°,  and  by  means  of  a  pointer  which  was 
cut  on  the  corresponding  surface  of  the  fixed  cylinder,  tln'  amount  of 
twist  was  easily  read  otf.  The  screw  S  attached  to  the  lower 
cylinder  served  to  tix  the  upper  one  at  any  desired  angle  of  twist. 
On  the  inner  surface  of  the  movable  cylinder,  two  vertical  V  grooves 
were  cut  opposite  each  other.  Un  tliese  tht'  two  ends  of  the  thick 
brass  diamerral  rod  were  made  to  slide.  This  i-od  had  a  small  hole 
at  its  centre  whi<h  was  just  large  I'liough  to  allow  llie  passage  of  the 
brass  wire  attached  to  the  lower  end  of  the  nickel  wire.  In  order  to 
secure  the  axial  position  of  this   hole    with   reference  to  the  twisting 
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eyliiiik'r.  the  roil  wns  fixed  between  the  ^"^i  nnd  Ixjred  on  a  latlie  l)y 
turning  it  tooether  with  the  cylinder.  A  small  clamping  screw  served 
to  j)in  the  wire  fast  against  tiie  side  nf  the  rod,  so  tliat  tlie  wire  and 
cylinder  rotated  together. 

It  might  at  first  sight  appear  that  this  arrangement  might  prevent 
the  longitudinal  stress  being  applied  uniforndy  for  various  angles  of 
twist,  because  of  the  friction  of  the  rod  against  the  ^"s.  To  test  this 
point,  the  win'  was  fixed  by  the  screw,  and  the  longitudinal  pull 
applied  by  known  loads  iuuig  on  below.  The  upper  end  of  the  wire 
Avas  fastened  to  a  spring  balance,  by  means  of  which  any  >  ariations 
of  stress  could  at  once  be  detected.  Witli  a  given  load,  the  wire  was 
twisted  though  various  angles  ;  but  scarcely  any  sensible  variation  of 
longitudinal  stress  was  indicated. 

The  magnetic  experiments  were  conducted  in  the  following 
manner.  At  first,  a  constant  current  was  made  to  pass  through  the 
maunetizing  coil,  ni\d  the  magnetometer  zero  was  determined.  The 
wire  was  then  placed  in  position,  and  was  first  twisted  through  180° 
in  what  we  call  the  positive  direction — although  it  may  as  well  be 
stated  once  for  all  that  the  [lositive  direction  mean  the  jir.sl  chosen 
direction,  whether  that  is,  so  t»  speak,  with  the  magnetizing  I'urrent 
or  against  it.  Then  after  a  complete  revolution  in  the  opposite  direc- 
tion, it  was  Ijrought  back  to  its  original  position.  This  process  was 
repeated  till  the  changes  became  nearly  cyclic.  Then  at  e\ery  succes- 
sive 20°  of  twist,  the  deflection  of  the  magnetometer  magnet  as  given 
by  the  scale  reading  was  taken  and  noted,  the  reading  being  (jbser\ed 
by  means  of  a  telescope.  Each  complete  set  of  experiments  was 
made  in  a  cuiistaiii  magnetic  field,  while  the  wire  was  subjected  to 
gradually  increasing  longitudinal  stresses.  The  results  tlius  obtained 
are  mven  in  C.  G.  S.  electromagnetic  units,  thouuh  such  reduction 
Would    have    been    unnecessary   in   experiments   of  this  kind.      The 
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dIisltvc'i]  Miliu's  of  the  intensity  ,\  tor  .smwcssivf  (iO"  (jf  twist  ;ii'e 
<'i\eii  in  tlie  ai»ix'nili.\.  Jii  the  fiu'ures  .siiouinii'  tlic  chiiiii'es  of  majîneti- 
zatioii,  the  absci.ssiv  ilenote  the  aiuount  of  twi.st,  while  tlie  ordinutes 
represent  the  intensity  of  niugnetization  „""l. 

The  iirst  experiment  was  made  with  a  nickel  wire  iU  ems  long, 
and  1  mm.  thick.  Ilie  wire  was  deprived  of  its  initial  magnetism  by 
heating  it  red  hor.  It  was  then  placed  vertically  and  so  came  under 
the  inÜiience  of  a  magnetic  field  of  .34  C.  G.  S.  units.  With  a  steady 
load  of  .64  kgs.  the  wire  was  subjected  t(j  repeated  twisting  and  un- 
twisting. After  G  such  operations,  the  changes  became  nearly  cyclic, 
and   the  following  reatlings  of  deflections  were  taken  at  tlie  7th  cycle. 


Twist  (Positive.) 

KeadingF. 

'J'uist  (Xotrative.) 

Readings. 

0° 

24.2 

0° 

3.1 

20° 

35.8 

20° 

—     .2 

4U° 

45.5 

40° 

-   2.0 

(iO° 

55.8 

60° 

-   2.4 

80° 

64.4 

80° 

—   2.6 

1  (  HJ' 

71.0 

100° 

-   2.1 

1  2(1" 

7r,..3 

1  20° 

-    1.0 

1  to° 

70.8 

1  10° 

-    1.2 

i(;u° 

82.2 

1  60° 

—    0.5 

1 80° 

83.8 

1  80° 

0.0 

l(iO° 

81.0 

lOO" 

0.0 

110° 

78.8 

1  10° 

■) 

120° 

73.5 

120° 

—     .3 

100° 

65.2 

100° 

-     1.0 

8U° 

51.9 

80° 

-    l.o 

00° 

35.9 

60° 

1.0 

40° 

22.0 

40° 

7.8 

20° 

10.8 

20° 

17.:! 

0° 

:!.  t 

(1° 

28.7 
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'Pho  nhovo  ivadiiiî^s  rodiK^od  to  ahsi')lntn  units  arc  sliowii  plotted 
in  Fi.ü'.  1-  I  Ik'  aniomit  of  load  per  s<|.  (mi.  was  S2  k.u's..  and  the 
twist  of  ]R()°  corresjionded  t<i  that  of  .DZ.Sö  radian  per  cjii. 

Kxaniiniiii;-  the  figure  we  see  that  the  first  effect  of  twisting  is  to 
increase  the  niagnetizati<Mi.  Tiie  rate  of  increase  is  rapid  at  first,  but 
graduallv  falls  off  as  the  magnetization  attains  its  greatest  value  at 
the  niaximuüi  twist.  During  the  process  of  untwisting,  the  magne- 
tization diminishes  more  rapidly  than  it  increased  during  twisting,  so 
that  for  every  position  of  twist,  the  magnetization  during  twisting  is 
greater  than  the  magnetization  during  untwisting.  The  diminution 
of  magnetization  goes  on  even  after  the  wire  has  passed  the  original 
position  from  which  the  twisting  was  begun,  until  the  apparent  mag- 
netization is  at  length  reduced  to  zero.  This  happens  very  soon  after 
the  original  position  of  the  untwisted  wire  has  been  reached,  as  the 
process  of  untwisting  is  continued  as  twisting  in  the  negative  direction. 
But  now  as  this  negative  twisting  is  continued,  the  polarity  of  the  wire 
chaufn's  sifin.  a  verv  striking  fact  indeed.  As  the  twisting  is  continued 
on  towards -180°,  this  negative  magnetization  passes  through  an 
arithmetical  maximum,  becoming  finally  almost  zero.  As  the  wire 
is  lieing  brought  back  to  the  position  from  whidt  it  started,  the  mag- 
netization liraduallv  recovers  nearlv  its  oriü'inal  value  as  sliown  in  the 
figui-e. 

Xow  i-easoning  from  analogy,  we  should  ex])ect  to  obtain  Ity  such 
twisting  and  untwisting  a  curve  of  the  form  given  in  Fig.  ."),  since 
the  behaviour  of  nickel  with  rcfi-ard  to  the  effect  of  stress  in  maij-ne- 
tization  seems  to  be  just  opposite  to  that  of  iron  (see  Sir.  AV.  Thomson's 
figures  for  iron,  I'liilosophicaJ  Transaction  1S79).  lîut  in  this  experi- 
ment, the  cia-\('  of  magnetization  seems  to  be  no  resemblance  at  all  to 
any  figured  liy  Sir.  AV.  Thomson  ;  and  then  there  is  the  very  curious 
fact  that  tlic   magnetization  of  nickel  in  a  steady  field  can  be  made  to 
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cliango  sign  by  twisting,  ft  first  oociirn^d  tn  mo  tluii  iliis  \crv 
oxtriiovdinarv  result  must  1x' dun  id  some  defect  in  tlie  aiT;ingeiueiit. 
but  (;aiT'lul  exnminatiou  disc<)\'erod  uo  fl;i\v.  The  <|iiesii(in  n:irm-;ill\- 
siijro-esteil  itself,  was  this  pheuDmennu  a  fnucriou  «if  llie  Icmd  as  well 
as  of  the  Iwisr?      lleiiee  as  a  iH'Xt  step,  the    weiü'lit  was  increased    li\- 
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the  e\']ieriuictU  Was  ]iei-fnrnied  in  the  usual  inaiiuer 


'Idle  result  is  shewn  in  Fig.  '2.  lierez  the  ett'ect  is  <|uite  siuiilar 
to  the  former,  the  differences  being  i>nl\-  dilferenees  of  detail.  The 
mtu'cli  of  magnetization  witli  positive  twisting  is  sensilily  the  same 
as  in  the  farmer  case  ;  bui  (bu'ing  negative  twisting,  the  o[)|»osiie 
maü'iieti/.ation  has  increased  to  more  than  10  times  its  amount  in  tlie 
iirst  ex|>erimeiit.  Howexer.  the  rate  of  recovery  has  very  much 
diminished,  tuid  even  after  a  twist  of  I8tl°.  the  magnetization  is  far 
from  reaching  the  former  value. 

The  same  experiment  was  then  performe(l  with  I  he  load  incre;ised 
to  .">.14  kgs.  The  residt  is  shown  in  Fig.  .'i.  There  again  we  tind 
the  opposite  mati'uetization  still  more  increased.  Indeetl.  the  two 
kinds  of  inaoTietization  do  not  diifer  nuich  in  intensity  at  the  two 
exti'pme  twists,  although  the  initial  or  ])ositive  magnetization  is  some- 
what preilominant.  In  the  two  former  experiments,  there  was  a 
(hstinct  ten<lencv  towards  rcco\  ery  of  positive  magnetization  as  the 
\\ii-e  was  twiste<l  mon'  and  more  in  the  negati\c  din^ciion.  Here, 
lenvever.  no  such  tcndcncv  shows  itself  except  in  the  diminished  rale 
of  growth  of  negatixc  magnetization. 

Still  increasing  the  load,  we  see  that  the  curve  (Fig.  -i)  becomes 
nearlv  sNinuictrical  with  respect  both  to  i  he  line  cif/cro  magnetization, 
and  the  line  of  zero  twisting.  In  this  case  we  find  further  (hat  tlie 
rani;'<'  of  flu'  change  of  magnetization  has  considerably  diminished. 
Tdie  slight  excess  of  the  initial  magnetizatioji  over  the  other  still  shows 
itself,  a  fact  which  is  probably  to  be  referred  to  the  direi'tion  of  the 
matiMK'tizing  foi-ce. 
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The  yciieral  cuuclusiuii  f'rum  these  experiiiieiil^  is  that  iii  a  weak 
field  of  .oi  units,  the  increase  of  load  makes  the  manner  of  ehanye  of 
magnetization  in  nickel  under  tlie  influence  of  cyclic  twisting  depart 
more  and  more  from  any  slight  resemblance  which  at  small  loads  it 
seemed  to  bear  to  the  manner  of  change  for  ir(jn.  For  still  smaller 
load,  then  if  might  be  possil)le  to  olttain  the  magnetization  curve  just 
opposite  to  that  of  iron. 

In  the  second  sei-ies  of  experiments,  the  strength  of  the  field  was 
raised  to  ^.17  units.  The  load  at  first  a])plied  was  onlv  the  weight 
of  the  brass  wire  attached  to  the  lower  end  of  the  nickel  wire,  and  a 
brass  rod  which  gripped  the  wire  fluring  the  pr(icess  of  twisting.  This 
load  was  .0:^  kg.,  that  is,  a  tension  of  Î.6  kgs.  weight  per  sq.  cm.  With 
this  amount  of  longitudinal  stress,  the  succcssi\c  twistings  and  un- 
twistings  were  performed  7  times,  and  the  following  readings  of 
deflection  were  taken  : — 


Tw-ist  (Positive.)  1 

Keailiugs. 

Twist  (Noj^atiTi'.) 

Kciidings 

{)° 

118.7 

II 

118.0 

■10" 

Kiii.  1 

20' 

107.1 

ur 

I81.:, 

|ll° 

18:J.5 

(JU° 

19:3.2 

liO 

1 95.:J 

80^ 

201.1 

81/ 

202.9 

lull" 

205.0 

1 1 II  r 

208.0 

1  2t)' 

200.0 

IliU' 

21(1.11 

Itl.l" 

2ln.:j 

1  Hi' 

211.1 

ll.iU" 

210.0 

1  iHi' 

211.5 

1 8<r 

211.U 

180' 

2  I  i  .0 

l(iU° 

207.t 

1  liO" 

2(.i7.0 

1  to° 

201.8 

1 10' 

2(12. 1 1 

1  -Kf       ! 

192.5 

1  2IJ 

I'.i:;.  1 

1  (j(  1° 

177.2 

1  (111" 

1  78.:J 

80^ 

1 57.:! 

,S(I° 

157.0 

(jrr 

|:!r..i; 

oir 

l:)7.5 

i.o- 

12(i.O 

111' 

127.11 

20' 

l:j:j.n 

jii° 

1:32.2 

n 

118.0 

1 1 

118.11 
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The  curve  thus  oljtiiined  (see  Fig.  5)  is  nearly  j)erleetly  .symiiietrieai 
with  resjiect  In  the  hue  of  zero  twisting.  Also,  the  magnetization 
I'eniains  positiN'e  thi'oughoiit  the  whole  cyi/le.  It  is  inoreoNei'  interest- 
ing to  observe,  that  tlie  curve  is  exactly  the  reverse  for  tli;it  uf  irun 
as  obtaineil  li\'  Thoni-nn.  'i'his  sliows  that  the  lieha\iiim'  nf  nickel 
twisted  in  a  niagildic  hi'M  inider  I'eehle  loads  is  opposite  to  that 
of  iron. 

Wheu  the  stress  was  inereased  to  1-1.5  kgä.  weight  per  m^.  eui.. 
the  nia"'netization  curve  lost  its  sviunietrv  and  l)ecanie  as  shown  in 
Fio-,  G.  'I'hc  intensity  of  inaonetization  became  greatly  diminished, 
but  still  remained  positive  thronghout  the  whole  eyele  of  operations. 
The  features  to  be  noted  are  that,  although  suggestive  (jf  the  sym- 
metrical I'orni  given  in  Fig.  T).  the  eur\e  is  now  distinctly  one-sided 
with  respect  to  the  line  of  zero  twisting,  and  indicates  nni<h  greater 
magnetization  for  positive  than  for  negative  twists.  The>c  peculiari- 
ties are  still  more  pronounced  when  the  stress  is  increa.^cd  lo  209  kgs. 
as  shown  in  Fig.  7. 

This  experiment  is  of  special  interest,  illustrating  as  it  doe>.  the 
manner  in  which  the  magnetization  cycle  changes  character  just  as 
the  extraordinary  phenomenon  of  change  of  sign  is  about  lo  show 
itself. 

As  usual  the  lirst  effect  of  twisting  the  wire  i.^  lo  increase  the 
intensity  of  magnetization,  while  the  elt'ect  of  untwisting  is  to  decrease 
it.  Then  as  the  untwisting  is  continued  as  negative  twisting,  the 
mao'netization  tends  to  recover  its  former  ^'aluc.  But  for  the  maxi- 
niuin  iiet^^ative  twi«t  of  two  ri^lit  aiiu'les,  the  iiia2:i)etization  dot's  act 
nearly  recover  its  former  value.  Thus  it  is  evident  that  in  such  a 
strenath  of  field,  the  increase  of  lono-itudinal  stress  tend.s  to  make  the 
increase  of  magnetization  during  negative  twisting  gradually  less  ami 
les>  until  linallv  I'oi-  a   certain    load    ihe  increase  does  not  take  place  at 
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:ill  lor  ilie  particular  range  of  iwist.  Tlii.s  is  .-^Iidwii  in  Fig.  8,  which 
is  the  curve  for  a  tension  of  782  kgs.  weight  per  sq.  cm. 

A  study  of  these  from  curves  (Figs.  5,  6,  7,  8,)  sliows  the  cha- 
racter of  the  changes  wrought  in  tiie  cycles  as  tlie  load  is  increased. 
The  symmetry  is  first  lost,  the  negative  loop  becoming  smaller  and 
smaller.  Then,  as  shown  in  Fig.  7,  it  ceases  to  he  a  loup,  the  course 
i"  the  return  rurve  from  greatest  negative  twist  lying  above  the  other, 
and  ne\  or  rutting  it.  Then  as  in  Fig.  8,  the  «/*«'« r«^  course  of  the 
curve  on  the  negative  side  of  zero  twist  vanishes  awav  altogether  ; 
while  at  the  same  time  the  phennmenon  nf  reversal  of  magnetic  polar- 
ity shows  itself.  Thus  the  double- looped  curve  for  low  tensions 
passes  gradually  into  a  single-looped  curse  as  the  tension  is  increased. 
And  after  this  single-looped  cur\e  is  obtained,  the  pheiiomenon  of  the 
reversed  polarity  begins  to  appear.  The  passage  from  the  double 
looped  to  the  single  looped  <Mn-vç  lietokens  a  peculi;u'  alteration  in  the 
lag'Jïing'-effect  in  nickel — :ui  alteration  wbii-li  has  no  anidoo-ne  in  the 
case  of  ii'on. 

To  studv  mure  carefullv  the  law  ui'  ////.s/c/vn/s  in  nickel — to  use 
Professor  F^wing's  w<ird — tlie  experiment-  were  repeated  in  stronger 
fields. 

Figs.  il.  10.  11,  12  show  the  march  of  events  in  a  field  of  4.94 
units,  the  tension-  increasing  iVuiu  100.  V(.v  smaller  tensions  the 
curves  ai'e  of  tlie  apjjroximatelv  svmmeti-i<'al  form  shown  already  in 
Fig.  .5.  an<l  do  not  call  for  special  remark.  1  l(Te  then  we  see  how 
the  already  diminished  loop  for  negative  twisting,  as  shown  in  Fig.  9. 
has  vanished  altogether  in  F'ig.  10.  At  the  same  time,  the  curve 
begins  to  cross  the  lines  of  zero  magnetization  into  the  negative  region. 
Fig.  11  is  a  fui'tber  development  in  the  same  direction.  In  both 
of  these  cui-ves  (10  and  11),  the  (juantitv  ,  "^  ,  the  rate  of  change 
of  magnetization   with    twist,  still   changes  sign  at  particular  twists. 
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riic  iico'îilivc  liiil — its  il  iiiiiilil  lie  callcfl — so  cviilciit  in  J'i"'.  1(1,  lias 
disappeareil  in  Fig.  11  ;  wiiile  at  tlio  saino  time,  the  negative  mag- 
netization lias  nuniciMcallv  inrrc^ased.  I'lit  uow  passing  to  the  higher 
loail  (see  Fig.  12).  we  see  tliat  tin'  \ai'ioiis  changes  discussed  aliove 
liaA'c  llieir  iinal  end  in  a  simple  single-looped  cur\e.  with  a  large 
])ortioii  in  the  I'egiou  ol'  negative  magnetization,  and  with  no  true 
minimum  points  for  ^.  The  twist  for  which,  in  the  iirst  three  eases, 
the  value  of  —^  ehnns'es  sii>n.  works  towards  the  lel'l  as  ihe  load 
is  increased.      Thus 

fnr      )r=J.OU     ,      d'r^yldr 
,.       „  =  527     . 
„  ==  ''•■'•"'     . 

For  IT—  191(1,  we  may  regard  this  critieal  twist  as  heing  loo  greal  to 
he  included  in  the  range  of  greatest  twist  applied. 

It  was  rc'inarked  while  discussing  the  experiment  made  in  the 
earth's  vertical  field,  that  the  ratio  of  the  two  opposite  magnetizations 
ijraduallv  tends  to  unitv  as  the  load  is  increased  :  hut  this  does  not 
seem  to  he  generally  the  ease.  There  is  a  certain  limit  beyond  which 
there  is  an  opposite  tendencv.  I'he  fullowing  calculations  shows  that 
this  must  lie  tlie  case.  Let  +  ^s  and  —  !^  Ije  the  greatest  magnetiza- 
tion during  positive  and  negatix e  twists  respectively,  then  in  the  field 
—  4.!t  I  units,  and 

W=    Go:,;    +^==188.0,    _;^^     |9.!i.    +^^/ -^^  =  :',.7H 
W=    OKI;   +:^=i;^2.],  -^=i:,l.:;.  +^/_3  =  l.o0 

IF  -     12 70  :    -t-  :.'s  =  1 10.:^-,    -3^11:'..!.    +  "s  '  -  Tv  =  1 .0 •"■ 
jr=1010;    +  ;;^.:.    8(i.:!,    -  :\=    77.1.    +,\_^.     1.1! 

The  following  experiments  in  tield  ^-  (!.71.  show  Imw  this  ratio 
depends  on  the  strength  of  the  tield.  'fhe  changes  which  the  mag- 
netization   curve   nnderffoes    wliile   ii    is  changinf;'   its   sii^ri   are  (|iiite. 
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nnalogoiis  lo  ihc  pivccdiiii;'  twD  cîises,  as  •.\  fiance  ;i(  Fiii's.  L'],  11, 
and  15  will  show.  From  Figs.  15,  16,  17.  however,  we  see  how 
the  opposite  magnetization  becomes  smaller  as  we  increase  the  field. 
The  i-ati()  +  vi/(  — !>\)  is  iihvays  a  very  large  ([iiantity  ami  has  a 
minimum  .value  for  a  particular  load.  For  loads  greater  than  this 
particular  load,  the  negative  magnetization  decreases,  and  at  last  com- 
pletely vanishes.  Thus  lor  stress  jr=1770  kgs..  there  is  no  opposite 
magnetization  therein  agreeing  with  the  curves  for  loads  snialler  than 
that  for  which  the  negati\  e  magnetization  first  appears.  But  there  is 
the  dift'erencc  that  the  curve  is  a  single  loop  in  which  ^Ks/'^sr  changes 
sion  during  negative  twisting  and  untwisting. 

Taking  into  account  all  the  series  of  experiments,  we  sec  that  the 
greatest  value  iu  each  series  of  the  ratio  +rs/— ITv  tends  to  increase 
as  the  field  is  increased.  The  strength  of  field  in  which  these  last 
experiments  were  tried  seems  to  be  about  the  critical  value  for  which 
uc  can  get  the  two  transitions  oi'  magnetization — namely  the  change 
of  sign  for  i)nrti<-iilar  load  and  the  vanishinüf  of  this  chano'C  for  a 
higher  load. 

The  peculiarities,  which  have  just  Ijeen  the  subject  of  discussion, 
do  nor  however  persistât  all  strength  of  fields.  At  still  higher  fields, 
a  different  order  of  things  comes  in.  Take  for  example  the  next  series 
of  experiments  with  a  field  of  .S.OG,  as  shown  in  Figs.  18.  19.  20, 
'21,  '2'2.  First  of  all,  for  the  lower  tensions,  the  two-looped  curve  is 
more  symmetrical  than  it  can  be  obtained  at  lower  fields  (see  Fig.  IS.) 
In  Fig.  1  !),  for  a  tension  of  78:^.  a  symmetrv  l)egins  to  show  itself; 
l)ut  the  diminution  instead  of  taking  i)lac('  in  the  left  hand  i>r  negative 
Iciop,  takes  place  in  the  right  hand  or  positive  loop.  I*"igs.  20.  21, 
show  the  gradual  vanishing  away  of  this  right  liand  loop  as  the  load 
is  increased.  Also,  exactly  as  in  the  former  sets  of  experiments,  the 
curve  ilip>j  below  the  zero  magnetization  line,  as  the  right  hand  portion 
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losfs  its  locip  clini'iictor.  \'ii\v  ii"  wo  woro  tn  romjinv  Im«/.  'J]  willi 
Figs  17.  1:^,  and  8,  2,  mid  take  im  accoiini  ol'  the  iiitoniiediate  links 
of  development,  we  sliould  at  once  regard  them  as  being  of  essentially 
o]i])osite  ehnraeter.  In  the  four  earlier  e;ises,  positive  twist  increased 
ilie  magnctiznticMi.  and  negative  twist  diminished  it  :  hut  in  the  jire- 
sent  i-asc.  the  «tt'cri-  arc  exiictly  o])p<isilc.  In  (he  same  wav.  Fig. 
I'O  present  featm^'s  (piile  o))posito  t(^  those  presented  liv  l''igs.  1,  7. 
11,  and  l(i.  However,  just  as  in  tlie  former  sels  of  experiments,  the 
twist  at  whii'li  <l^/<lr  \anishe^  w;is  shown  to  shifr  gradiialh'  to  the 
nesative  side  as  the  load  was  increased;  so  in  tiie  |)resent  case,  tiie 
nvist  at  whicli  d^\/ilr  \anishes  shifts  gradiiallv  to  the  rigiit  as  the  load 
is  increased.  These  very  interesting  rcAersals  of  etlects  c|earl\-  depend 
oil  ihe  strength  of  the  field.  Tiieii  again  the  particular  >trengtli  of 
Held  at  which  tlie  reversal  of  these  etfects  hegins  to  show  its(>lf  seems 
to  he  connected  with  the  fid  already  discussed  tli:if  ïm-  a  ]iarticular 
tield  the  ratio  +,?s''(  — ^si  hecomes  infinite.  In  other  words,  when  the 
strength  of  the  field  is  s':ch  that  under  sufiicient  loading  the  reversal 
of  polaritv  \;iiiishes  away,  this  seems  to  lie  the  signal  fir  the  nvw  set 
ipf  condition^  to  ajipear.  I  p  to  this  i-ritical  strength  of  field,  it  i<  the 
lefl  hand  loop  in  the  tvpical  s\-miiietrical  curve  that  gradiialK  ilimini- 
-^hes  under  loadiim.  I'mt  for  strengths  of  fields  higher  than  I  his 
•  ■ritical  \aliu\  it  i^  ihe  l'iiihi  hand  loop  that  disappears  when  the  load 
is  li'reat  enough.  This  reversal  of  effects  also  seems  to  he  accom- 
panicil  hv  a  lingering  of  iIk'  magnetizntion  near  Ihe  zero  (see  figures 
18.   and  l!l.) 

Il  i-;  not  neccssir\-  lo  discii-s  in  (letail  (it  her  c-om'iination>  of  fiefl 
and  sire-^  wliich  were  e\ periiiienled  upon.  i'licre  are  certain  minor 
dillei'ences  depending  on  strength  of  the  field  :  hut  tlu^  primipal  features 
for  field<  hiuher  than  8  are  the  same.      The  essential  characteristics  can 
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Im  giithurLul  i'luiu  ligures,  brief  explanations  of  whieli  I  siiall  content 
myself  with  giving 

Fio-.   '2-2 --20. 

These  illustrate  the  changes  of  magnet izatiun  in  licKl  ll.!>. 
Fig.   24: -27. 

These  were  obtained  in  field  13.85.     The  cm-ioiis  transition  rur\e 
Fig.  3U  is  specially  worthy  of  note. 
Fig.  1>,S-31. 

These  show  the  gratinai  ••Jiangcs  of  inagnetizati<)n  for  held  15.78. 
Fig.  32-34. 
were  obtained  in  held  23.50. 

Fig.  35-10. 
were  obtained  hi  field  33.54. 

ibis  last  was  the  highest  strength  of  the  held  at  whicli  ii  was 
possible  td  notice  the  changes  of  unignetizatii)n.  lor  the  slr<jngor 
the  field  the  higher  is  the  load  necessary  to  Ijring  out  the  curious 
change>.  The  critical  load  for  Helds  higher  than  33.54  is  greater  than 
the  tenacity  of  the  wire. 

There  is  one  other  point  that  <-ulls  for  remark.  I'he  range  of  the 
change  of  magnetization  under  feeble  stresses  begins  graduallv  to 
diminish  after  a  <-ertain  strength  has  been  reached,  so  that  for  a  field 
of  20  or  30,  the  chaiifi'es  of  maa;uetization  by  twistinii"  becomes  almost 
inappreciable.  This  can  be  accoimted  foi-  bv  the  fai.'t  that  nickel  wire 
whether  in  the  normal  oi-  twisted  eondition  behaves  practi<'ally  the 
same  as  regards  magnetization  in  higher  fields,  indeed,  nickel  is  more 
easily  saturated  than  iron,  so  that  when  .'p  =  20  or  30,  it  is  already 
far  beyond  the  satiu-ation  point.  Consecjuently  the  difference  in  the 
susceptibilities  of  nickel  in  the  normal  and  twisted  conditions,  to  which 
this  alteration  of  magnetic  intensities  must  be  ascribed,  becomes  less 
and    lcs>    marked   as    the  strcu'j'tb  of  tlie   lield  i>  iui-reased.      Man v  of 
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the  features  of  iiiiiyiietizatinn  ciirvo  arc  ((iiite  siiii|>ly  accniiiitcd  I'ni-  liy 
this  consideration. 

It  i.s  very  difficult  to  detcniiiuc  the  exact  loading  ut  whicli  llic 
reversed  phenouieaou  of  reverse  ])olarity  makes  its  appearance  in 
various  fields.  Assuming,  however,  that  within  small  ranges  of  load. 
the  decrea.se  in  the  intensities  of  magnetization  is  pro])ortioual  in 
I  he  aiiMiunt  of  loading,  1  ohtaiiicd  tlu'  following  values  for  the  stress 
wliich  must  he  applied  so  as  to  etlect  tlie  reversal  of  polarity  ol'  the 
particular  nickel  wire  placed  in  various  fields  : — 
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Plotting   the   curve   with  .'>>   for  ahscissa  and  M'  f  jr  ordinate,  we 
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This  seems  to  show  that  for  uioderate  strengths  of  field,  the  hjad 
at  which  tlie  wire  begins  to  show  reversed  pularity,  is  nearly  directly 
proportional  to  the  strength  of  the  field.  For  very  weak  and  strong 
fields,  this  rule  does  not  seem  to  hold.  It  must  be  remembered  of 
course  tliat  all  these  peculiarities  are  for  one  particular  twist  only,  and 
that  it  is  possible  that  quite  a  different  series  of  effects  might  exist  for 
other  twists. 

The  general  results  of  these  experiments  may  be  thus  summarised. 

In  all  mao-netic  fields  with  moderate  loadintr  the  effect  of  twisting 
nickel  wireis  to  increase  the  mngnetization.  lîut  the  increase  depends 
on  the  strength  of  the  field  as  ^vell  as  the  longitudinal  stress  applied. 
If  the  field  is  weak,  and  the  longitudinal  stress  sufficiently  great,  the 
magnetization  increases  in  one  direction  of  twist,  and  decreases  in  the 
other.  Eventually  for  a  particular  stress  which  is  approximately 
proportional  to  the  field,  the  wire  begins  to  show  ojiposite  polarity  ; 
and  the  cyclic  curve  of  magnetization  passes  gradually  from  a  two- 
looped  to  a  single  looped  form.  For  stnjnger  fields  similar  effects 
exist.  But  in  fields  higher  than  a  critical  value,  the  increase  and 
deci'ease  of  magnetization  take  place  for  reversed  directions  of  twist, 
and  at  the  same  time,  the  course  of  the  curve  becomes  reversed. 

In  a  recent  paper  (Magnetische  Untersuchungen,  Wiedemann's 
Annalen,  March  1886)  Professor  Wiedemann  has  described  certain 
exjjeriments  on  the  combined  effects  of  magnetization  and  twist  in 
iron  and  nickel.  He  does  not  seem,  howe\ er,  to  ha\e  investigated  the 
effect  of  longitudinal  stress  in  conjunction  with  these.  His  chief  aim 
seems  to  have  been  to  adduce  facts  in  support  of  his  theory  of  friction- 
all}'  rotated  molecules.  Some  of  the  results  above  described  may  be 
expressed  in  terms  of  h\s  theory.  Thus  when  the  external  magne- 
tizing force  is  great,  the  magnetic  molecules  will  be  held  in  position 
more  strongly  and  consequently,  the  change  of  magnetization  due  to 
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twisting   will    be    diinininhed.     This   agrees  with   experiment.     But 

again  we  saw  that  by  sufficiently  loading  the  wire,  we  could  bring 

the  apparent  magnetization  down  to  zero  and  eventually  reverse  its 

sign  by  mere  twisting.     Xow  if  this  be  due  to  the  frictional  rotation 

of° molecules,  the  molecules  must,  notwithstanding  the  directive  force 

of  30  units,  be  rotated  through  more  than  a  right  angle  fr.jm  their 

first  position,  while  the  amount  of  mechanical  twist  amounts  only  to 

.079  radian  per  cm.  in  each  direction.     Admit  it  to  be  so  ;  what  effect 

then  may  we  expect  increased  loading  to  produce  on  the  rotation  of 

the  molecules?     The  magnetic  molecules  in  strong  fields  are  acted  on 

only  by  a  greater  directive  force,  and  consequently  they  must  tend  to 

remain  more  in  the  direction  of  the  magnetizing  force  ;  l)ut  why  they 

should  assume  nearly  the  position  of  magnetic  neutrality  when  they 

are  subjected    to  sufficient    longitudinal  stress,  is  a  question  which 

every  supporter  of  the   theory  of  frictioually    rotated   molecules   is 

bound  to  answer. 
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On  the  Magnetization  and  Retentiveness 

of  Nickel  Wire  under  combined  Torsional  and 

Longitudinal  Stresses. 

By 

H.  Nagaoka,    Rié^kushi, 

of  the 
Impc'iial  University. 


Witli  Plates  XX -XXIV. 


Ill  the  experiment  described  in  the  jireceding  paper,  the  maii-nctiz- 
ing  field  around  the  nickel  wire  was  kept  constant,  while  the  wire 
itself  was  subjected  to  varying  twists.  The  quite  mtexpected  re.sult.s 
thus  obtained  suggested  to  ine  the  advisability  of  examining  carefully 
the  maonetizatitin  of  nickel  Avire  at  constant  twists  iimler  tlie  influ- 
ence  of  gradually  increasing  and  decreasing  magnetizing  fields.  The 
distinct  lines  of  research  presented  themselves  ;  and  the  experiments 
naturally  fall  to  be  discussed  under  two  heads. 

(1.)  There  is  the  determination  of  the  induced  magnetism  due 
to  various  magnetizing  forces  in  a  twisted  nickel  wire  subjected  at 
the  same  time  to  longitudinal  stress. 

(2.)  There  is  the  investigation  of  the  relation  between  the  induced 
and  residual  magnetisms  under  the  conditions  just  specified. 

I.    Relation  between  Magnetization  and  Magnetizing  Force. 

The  experiments  to  be  described  are  concerned  witli  the  peculi- 
arities of  magnetization  of  nickel  wire  suljject  to  comliined  torsional 
and  longitudinal  stres.ses.  The  wire  under  exainination  was  first 
demagnetized  by  successive  reversals  of  a  current  of  gradually  di- 
minishing strength.      A  definite  load  was  then  appUed,  and  the  wire 


ox    TUE  MAGNETIZATION  AND  KETEXTIVENESS  OF  NICKEL.  305 

twisted  through  a  definite  angle  by  means  of  the  twisting  apparatus 
described  in  the  preceding  pajjer.  The  wire  was  then  subjected  to 
magnetizing  currents  of  gradually  increasing  strengths,  and  the 
amoiuit  of  induced  magnetism  measured  by  means  of  the  deflection 
of  the  contiguous  magnetometer  mirror.  The  details  of  the  arranjre- 
ment  and  method  are  as  follows. 

The  magnetizing  cun-ent  was  obtained  from  1-i  large  Daniell  cells, 
and  the  strength  was  varied  continuously  by  means  of  a  liquid  slide. 
A  commutator,  consisting  of  rocker  and  mercury  pools,  was  included 
in  the  circuit,  so  as  to  facilitate  the  reversing  of  the  diminishing 
current  which  was  necessary  for  demagnetizing  the  wire  in  position. 
The  reversals  were  continued  till  the  wire  became  magnetically 
neutral. 

There  was  also  an  arrangement  for  compensating  the  direct 
electromagnetic  action  of  the  magnetizing  coil — a  real  necessity  in 
such  experiments  with  nickel,  because  of  the  comparatively  small 
susceptibility  of  this  metal.  The  arrangement  consisted  of  a  ring 
with  a  few  coils  of  wire  wound  round  it.  This  ring  mounted  at  the 
pi'oper  height  on  a  wooden  stand,  which  could  be  ukjn  ed  along  a 
groove  cut  in  the  plank  on  which  the  magnetometer  rested,  was  set  in 
front  of  the  magnetometer.  The  magnetizing  curi-ent  was  led  through 
this  small  coil,  whose  distance  from  the  magnetometer  was  adjusted, 
so  as  to  compensate  the  effect  due  to  the  solenoid.  It  was  very  diffi- 
cult to  set  the  ring  exactly  at  the  desired  position,  so  that  it 
was  generally  necessary  to  :ipply  small  c(jrrections  to  the  readings 
obtained. 

In  the  first  experiment  a  nickel  wire  1  nmi.  in  diameter  and  -10 
cms.  long  was  previously  heated  red  hot.  This  was  placed  in  the 
masrnetizinu'  solenoid  and  demagnetized  without  at  first  anv  aiii)lica- 
tion  of  longitudinal  stress.       The  strength  of  tlic  magnetizing  field 
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\v:i.s  tlieii  gradually  increased  till  il  attained  the  value  i)f  29  C.Cr.  S 
units,  inagnetoinetcr  readings  being  taken  at  intervals,  'i'lie  residual 
magnetism  was  deterniincd  as  the  magnetizing  cin-reut  was  gradually 
reduced  i'rom  its  maxiuiinn  xaluc  to  zero.  Tlic  iKinnal  curve  of 
magnetization  tlius  obtained  is  represented  in  Fig.  \.(ii).  After  tins, 
the  wire  was  demagnetized  by  reversals,  and  twisti-d  through  an 
angle  of  40°,  so  as  to  give  a  twist  of  1°  per  em.  I  nder  these  slightly 
altered  conditions,  the  experiment  was  repeated.  I  p  to  the  strength 
of  field  .'ô  ==  i.'-i,  things  were  sensibly  the  same  as  in  ihe  former  case. 
Jjut  as  M  was  raised  to  fj.^,  a  very  sudden  change  occurred  in  the 
mao-netization.  The  maii'netometer  i-eading  rose  abruntiv  from  8  to 
97  ;  and  then  as  .'ô  was  still  further  increased  to  (j.l,  the  reading  rose 
to  144.  i)Ut  after  a!^  attained  the  value  of  9.1,  the  rate  of  increase  of 
induced  magnetism  per  unit  of  the  increase  of  the  magnetizing  field 
suddenly  diminished,  almost  immediately  falling  oft' to  a  value  which 
remained  nearly  constant  for  higher  fields.  I'luit  is,  the  magnetiza- 
tion ciu've  at  these  higher  fields  becomes  almost  a  straight  line.  Thus 
it  ap])ears  that  twisted  nickel  has  an  enormous  dinerenlial  suscepiibility 
(d^/cls;))*  within  a  certain  quite  limited  range  of  field,  and  that  for 
fields  outside  the  lower  and  higher  limits  the  ditferential  susceptibility 
is  comijaratively  small,  and  at  high  fields  ])ractically  constant.  Curve 
Fig.  I  (h)  represents  the  case  just  discussed.  Xo  peculiar  character 
as  compared  with  the  normal  curve  frtj  is  seen  at  a  glance.  The 
"  wendej)unkt  "  or  point  of  maximum  susceptibility  occurs  in  a 
smaller  field  for  the  twisted  nickel  than  for  the  untwisted.  The 
A\alue  of  the  maximum  susceptibility  is  also  greater  for  the  twisted 
nickel.  lUil  when  once  the  "Wendepunkt"  for  the  twisted  nickel 
is  passed,  the  ditferential  susceptibility  rapidly  diminishes  in  such  a 

*  Tliis  term  is  suggested  by  Dr.  0.  G.  Knott.  Susceptibility  always  moans  tlic  ratio  of 
the  iiiagnetiz.ation  to  the  magnetizing  force  that  is  producing  it;  and  it  is  convenient, 
especially  in  discussing  the  peculiarities  of  nickel,  to  have  a  simple  but  suggestive  phrase 
for  "  the  rate  of  change  of  magnetizatiou.  per  unit  increase  of  field." 
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way  thiit  above  a  certain  field  (27.6)  the  twisted  nickel  ha-s  a  smaller 
susceptibility  tban  the  untwisted.  Thi.s  is  shown  by  the  curve  (h) 
crossing  the  vuwe(a)  at  this  particular  field. 

The  wire  Avas  now  demas'netized,  and  twisted  throuofh  an  ancle 
of  80°,  that  is  2°  per  cm.  The  magnetization  curve  obtained  in  this 
state  is  shown  graphically  in  Fig.  Ifoj.  Tlie  chief  characteristics 
I'emain  the  same  as  forfh);  but  the  "Wendepunkt"'  occurs  sooner, 
and  the  curve  rises  niore  abruptly  to  this  point  than  for  the  case  of 
smaller  twist.  Another  thing  to  be  remarked  is  the  increase  of  resi- 
dual  magnetism.  For  the  untwisted  nickel,  the  ratio  of  the  residual 
to  the  induced  magnetism  is  .75  for  S^  =  29  ;  fov  the  wire  twisted 
through  an  angle  of  1°  per  cm.  it  is  .95  ;  and  f  jr  the  twist  of  2°  per 
cm.,  it  is  .96.  For  a  twist  of  120^  or  3°  per  cm.  these  charactei'istics 
acquire  the  maximum  condition  ;  the  curves  of  magnetization  rising 
less  abruptly,  and  the  maximum  susceptibility  as  shown  by  the 
"  Wendepunkt  "  becoming  smaller,  when  the  twist  is  increased  to  4°. 5 
per  cm.  A  twist  of  9°  per  cm.  still  further  diminishes  this  abruptness  ; 
but  the  recovery  of  the  wire  towards  the  original  magnetic  condition 
in  the  untwisted  state  is  very  slow.  Indeed  at  all  twists  the  magnetiz- 
ation curve  presents  much  the  same  characteristics.  The  general 
results  of  these  experiments  are  as  follows.  Nickel  wire  twisted 
under  no  load  acquires  its  maximum  susceptibility  in  a  particular 
field  of  force,  which  is  a  function  of  the  twist,  and  is  a  minimum  for 
a  twist  of  3°  or  4°  per  cm.  In  other  words,  if  we  draw  a  line  from 
the  origin  to  the  "  Wendepunkt,"  the  line  (the  tangent  of  whose  in- 
clination gives  the  maximum  susceptibility) is,  so  to  speak,  gradually 
deflected  to  higher  inclinations  as  the  wire  is  twisted  up  to  3°  or  4° 
per  cm.  It  then  begins  to  move  back  again  in  the  direction  of  its  origi- 
nal position,  but  very  slowly,  so  that  there  is  not  very  much  difference 
in  the  curves    for    highly    twisted  wii'es  and  a  moderately    twisted 
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wire.  The  maximum  value  of  tlae  dittereiitial  susceptibility  is  \'ei'y 
great  for  twisted  wire,  and  is  greatest  for  the  twisted  wire  which  has 
the  greatest  maximum  susceptibility.  After  passiu»'  tlie  "  Wende- 
punkt," tlie  magnetization  curve  becomes  almost  straight,  the  ditfer- 
ential  susceptibility  becoming  very  suiull  and  of  such  a  nature  as  to 
cause  the  nickel  always  to  cut  the  curve  for  untwisted  nickel.  This 
point  of  intersection  occurs  sooner  for  higher  twists.  And  finally 
the  amount  of  residual  magnetism  is  enormously  increased  by  twist- 
ino"  the  wire  even  throuj^h  a  small  an£>le. 

D  CD  CD 

In  the  experiments  now  to  be  described,  the  wire  was  subjected 
to  extra  loads.  It  was  necessary,  however,  to  take  anew  wire  cut 
of  course  from  the  same  specimen,  and  treated  preliminarily  as  the 
first  piece  w  as. 

The  first  extra  load  used  was  nearly  1  kg.;  and  with  this  load 
exactly  the  same  series  of  experiments  was  gone  through  as  in  the 
previous  case.  In  Fig.  2,  the  curves  of  magnetization  are  shown 
graphically.  They  are  very  similar  to  the  curves  of  Fig.  1  ;  only  in 
this  case  it  was  not  possible  with  the  strength  of  field  used  to  get  the 
curves  for  the  twisted  nickels  to  intersect  the  curve  for  the  imtwisted 
nickel.  In  all  probability,  however,  the  crossing  will  occur  fur  high 
enough  fields. 

It  was  natural  to  enquire,  here,  as  to  the  after  etfect  of  the  twist. 
It  is  known  that,  because  of  the  elastic  after-strain,  the  wire  does  not 
return  exactly  to  its  former  position  when  the  twisting  stress  is 
relieved.  It  seemed  likely  that  something  analogous  woidd  occur 
in  reference  to  the  magnetic  characteristics  of  the  wire.  Accordingly 
the  wire,  after  it  had  Ijcen  twisted,  was  allowed  to  hang  freely  under 
the  action  of  the  load  ;  and  under  these  conditions,  the  magnetization 
curve  was  obtainctl.  Comparing  it  with  the  first  cur\e,  we  see  that 
there  is  distinct  evidence  of  a  change  in  the  magnetic  projjcrties  of 
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the  wire.  The  susceptibility  of  the  wire  that  has  been  twisted  is 
in  general  diminished  to  a  slight  extent,  although  in  one  or  two 
places,  it  is  increased. 

Further  experiments  made  by  subjecting  the  wire  to  longitudinal 
stresses  of  5.14  and  10.14  legs,  gave  the  same  general  results.  The 
curves  are  shown  in  Fig.  o  and  Fig.  4  respectively.  All  the  curious 
characteristics  are  the  same  as  l)efore.  Comparing  the  curves  for  un- 
twisted with  the  curves  for  twisted  wire,  we  see  how  marked  is  the 
difference  between  these  two  conditions,  and  especially  when  the  wire 
is  subjected  to  considerable  longitudinal  stresses.  The  curves  show 
very  readilv  that  the  magnetic  susceptibility  for  a  field  of  27  units  of 
the  untwisted  wire  with  a  load  of  5  kgs.  is  only  one  half  the  suscep- 
tibility for  the  same  witli  a  twist  of  1°  per  cm.  lîut  judging  from 
the  march  of  the  curve,  we  may  safely  conclude  that  the  susceptibility 
of  the  untwisted  wire  will  liecome  greater  than  that  of  the  twisted 
wire,  when  tlie  strength  of  the  field  is  sufficiently  incrensed.  With  a 
load  of  10  kgs.,  the  susceptibility  of  the  wire  whicli  has  suifered  a 
torsion  of  3°  per  cm.  is  3  times  as  great  as  that  of  the  untwisted  wire 
even  at  the  field  of  27  units. 

Another  thing  to  he  noticed  is  the  receding  of  tlie  "  Wendepunkt" 
for  the  twisted  wire  under  heavy  load.  This  point  tends  to  move 
gradually  towards  the  right  as  the  load  is  increased  at  constant  twist. 
This  is  not  so  well  marked  in  the  first  two  experiments,  ])ut  is  cpiite 
apparent  wlien  the  longitudinal  stress  amounts  to  .î  or  10  kgs.  Thus 
for  the  unloaded  wire  with  a  twist  of  1°  per  cm.,  the  "  Wendepunkt" 
lies  at  .^  =  6.3,  wdiile  for  the  wire  under  the  longitudinal  stress  of  5 
kgs.,  it  occurs  at  .0  =  12.  Similarly  for  a  wire  witli  a  twist  of  3°  per 
cm.,  the  "  Wendepunkt"  occurs  at  »  =  4..S  for  the  unloaded,  and  .at 
iQ  :^  11  for  the  loaded  wire.  This  is  still  more  marked  when  the  wire 
is  loaded  with  10  kgs. 
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The  following^  t!il)]e.s  contain  the  observed  numbers  : — 


r.     W  =  2.5  kjrs.  cnr. 


X 

(>■ 

cv 

>, 

^■^ 

iv> 

-yS 

■yS 

■6 

.,5 

,s 

.V"> 

T  =  0. 

T  =  l°per  cm. 

T  =  2'  per  cm. 

T  =  3'  per  cm. 

T  =  r..5 

per  cm. 

T  =  9°  per  cm 

2.2 

10.1 

4.3 

1.8 

2.0 

2.0 

4.(1 

3Ü 

47.4 

9.7 

11.2 

3.4 

69.5 

4.2 

22.6 

13.2 

238.2 

243.6 

135.1 

1 6 1..8 

5.2 

30.5 

160.2 

282.3 

285.9 

279.0 

260.5 

fi.l 

70.3 

238.3 

289.7 

293.0 

288.9 

276.4 

7.1 

109.1. 

269.0 

295.2 

295.8 

8.1 

131.7 

277.7 

297.5 

297.7 

293.5 

285.1 

10.1 

170.9 

280.3 

301.1 

30(1.3 

11.9 

200.6 

291.4 

303.3 

301.8 

298.0 

290.4 

13.9 

220.8 

295.7 

304.8 

.  •  • 

15.8 

236.8 

299.3 

305.9 

304.4 

3Ö0.8 

293.2 

19.0 

272.9 

304.3 

307.7 

305.9 

302.3 

294.4 

20.5 

295.4 

308.9 

309.4 

303.4 

295.7 

29.2 

316.1 

313.0 

311.7 

307.0 

304.6 

297.3 

23.5 

310.7 

310.4 

309.5 

306.4 

304.1 

290.8 

15.8 

298.2 

300.1 

307.7 

305.7 

303.9 

290.5 

8.1 

278.0 

299.0 

306.4 

305.5 

301.6 

294.9 

0 

237.9 

290.2 

300.0 

298.0 

293.2 

280.1 

IT.     AV  =  145  ko-s.  cnr. 


w 

T  —  O'  i:ier  cm 

T  =  V  per  cm. 

3 
T  =  3°  per  cm. 

T  =  9°  per  cm. 

per  cm. 

(Untwistctl.) 

2.2 

0.3 

4.6 

3.0 

2.3 

3.3 

3.2 

8.7 

16.2 

9.9 

8.6 

3.6 

5.3 

4.2 

12.1 

32.5 

196.4 

24.8 

17.3 

7.9 

5.2 

23.1 

86.0 

229.4 

55.4 

49.2 

19.3 

6.1 

40.3 

192.1 

247.2 

121.1 

109.4 

35.0 

7.1 

58.9 

209.7 

256.4 

229.(t 

206.3 

50.3 

8.1 

77.1 

216.5 

264.0 

249.0 

242.6 

67.7 

10.0 

1  !2.2 

22(i.5 

270.1 

25f).(! 

255.1 

KJl.O 

11.9 

l:;:'..7 

233.3 

273.9 

261.4 

260.2 

1 35.6 

15.8 

165.0 

289.3 

277.2 

2(i7.3 

2(54.5 

178.5 

19.6 

190.2 

252.9 

278.9 

270.4 

267.3 

201.0 

23.5 

219.5 

262.4 

280.0 

272.3 

269.1 

218.5 

27.3 

236.0 

269.3 

280.8 

273.9 

27(\7 

229.0 

23.5 

231.0 

267.3 

224.7 

15.8 

216.8 

2(i2.0 

214..: 

8.1 

190.7 

255.8 

278.9 

270.1 

267.3 

201.8 

0 

107.5 

245.9 

272.7 

263.7 

260.7 

181.5 
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in.     AV  =  (;5.5k 

g.*.  nir. 

1  V 

.■V 

i^' 

i"V' 

l"V 

-vS 

,!i 

■v5 

^v 

.,v 

^!i 

,\> 

T  =  0. 

T  =  1°  per  cm. 

T  =  3°  per  cm. 

T  =  5".5 
per  om. 

T^  9°  per  cm. 

(Untwist  0(1.) 

2.2 

:!.S 

:5.0 

0.5 

1.7 

1.0 

-1.0 

~Û 

(i.l 

4.8 

0.8 

4.5 

2.6 

6.1 

1..2 

9.2 

5.9 

2.5 

C-i 

4.8 

8.0 

5.2 

1  1 .() 

7f) 

3.8 

7.4 

6.4 

10.6 

n.i 

15.0 

9.(i 

4.8 

9.2 

7.6 

11.7 

7.1 

18.0 

16.0 

6.8 

1  2.0 

8.7 

1 3.0 

8.1 

23.4 

30.5 

11.4 

14.5 

11.9 

15.2 

9.0 

27.9 

56.9 

29.7 

19.1 

10.7 

1  7.0 

]  0.0 

31.0 

95.2 

150.1 

50.0 

18.8 

20.1 

11.0 

125.2 

1 84.6 

127.2 

25.1 

22.9 

11.0 

34.3 

140.3 

1 99.0 

]  90.0 

44.2 

25.1 

12.9 

<  •  • 

149.0 

204.1 

203.0 

135.8 

28.1 

i:J.9 

40.G 

156.1 

208.9 

206.7 

184.1 

05.0 

15.8 

47.4 

]  65.2 

210.5 

211.4 

198.7 

41.6 

17.7 

57.3 

1  7]  .9 

217.8 

214.5 

204.1 

48.0 

19.(3 

G7.3 

178.2 

219.5 

218.0 

207.2 

57.0 

2:1.5 

80.4 

185.8 

222.4 

221.0 

212.2 

70.0 

27.0 

92.7 

190.2 

2^9 

224.2 

2 1  7.5 

81.2 

20.5 

85.5 

188.8 

224.4 

222.8 

215.2 

1 1 .  t 

15.8 

74.4 

185.3 

222.Ö 

220.1 

212.9 

66.0 

8.1 

58.G 

180.2 

221.4 

218.1 

210.7 

53.9 

4.2 

51.2 

177.2 

220.8 

216.0 

208.9 

47.0 

C 

42.2 

1  70.6 

217.8 

214.2 

205.9 

09.6 

IV.   ^^ 

'  =  1200  legs.  cm-. 

.V) 

T  =  0. 

T  =  1°  percm. 

T  —  3''i:)ercm. 

T  =  5°..5 
per  cm. 

3 
T  =  9°percm. 

^5 
(Untwisted.) 

2  2 

2.0 

3.3 

0.8 

0.8 

0.5 

:_►.-> 

4.2 

6.1 

7.1 

3.6 

3.3 

1.8 

C,ß 

6.1 

8.7 

11.2 

5.9 

5.0 

4.5 

'16 

8.1 

11.7 

1 5.2 

8.6 

8.3 

7.1 

12.2 

10.0 

14.9 

19.(5 

12.0 

1 2.5 

9.1 

14.9 

11.0 

18.2 

24.3 

19.8 

21.5 

11.2 

17.7 

10.9 

21.5 

20.7 

1  ()2.5 

74.3 

13.0 

20.5 

15.8 

25.1 

01.7 

1  7(  1. 1- 

1  60.4 

22.1 

24.8 

17.7 

28.4 

41.3 

1 73.3 

1 69.0 

lOt.O 

27.2 

1 9.6 

01.7 

18.5 

175.1 

1  70.:'. 

151.0 

30.0 

21.5 

35.1 

58.1 

177.2 

176.1 

157.2 

:J2.7 

20.5 

38. 1. 

65.5 

179.0 

1  78.0 

161.7 

35.:! 

27.3 

45.(1 

82.8 

181.K 

182.7 

1 68.3 

11.6 

23.5 

09.6 

78.9 

181.:; 

1 65.8 

36.5 

15.8 

28.1 

69.3 

176.7 

1  76.'.  t 

161.7 

25.9 

8.1 

16.3 

59.4 

172.1 

155.8 

11.9 

4.2 

9.2 

51.1 

1  70.0 

171.6 

152.1 

8.3 

0 

3.3 

48.7 

167.1 

165.3 

1 48.5 

3.3 
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Reviewing  the  results  of  these  experiments  we  see  that  twisting 
produces  many  singular  effects  on  the  magnetic  properties  of  nickel. 
In  the  first  place,  maximum  susceptibility  occurs,  for  the  twisted  wire, 
at  lower  values  of  the  magnetizing  force  than  for  the  untwisted  wire. 
The  amount  of  twist  which  must  he  applied  to  olitain  the  maximinn 
susceptibility  in  the  weakest  field  is  nbout  3°  per  cm.  F(M"  higher 
twists,  the  "  Wendepunkt  "  occurs  at  the  higher  values  of  the  field. 
The  critical  value  of  twist  is  nearly  constant  for  all  values  of  longi- 
tudinal stress.  Also,  the  wire  which,  twisted  to  this  critical  amount, 
gives  the  greatest  maximum  susceptibility,  gives  at  the  same  twist  the 
greatest  maximum  diftei'ential  susceptibility — in  other  words  the  curve 
rises  most  abruptly  to  its  turning  jioint.  I'he  field  for  maximum 
differential  susceptibility  is  very  slightly  smaller  than  the  field  for 
maximum  susceptibility.  As  the  latter  is  passed,  the  differential  sus- 
ceptibility diminishes  markedly  in  value  and  remains  pretty  constant 
in  the  higher  fields.  Ultinaately  the  magnetic  susceptibility  of  the 
twisted  nickel  becomes  less  thim  that  of  the  normal  wire,  the  curves 
crossing  each  other  in  high  magnetic  fields.  Again  the  field  for 
maximum  susceptibility  inci-eases  with  load  ;  but  the  maximum 
susceptibility  itself  diminishes.  Also  the  susceptibility  in  fields  of 
moderate  strenffth  is  more  sensitive  to  twisting  for  the  greater  loads. 
This  effect  of  load  is  more  marked  with  regard  to  the  residual  magnet- 
ism. Thus  witli  a  load  of  10  kgs.  in  a  field  of  i7,  a  wire  with  a  twist 
of  3°  per  cm.  shows  50  times  as  much  residual  magnetism  as  it  did 
in  the  untwisted  conditiou.  Finnllv  the  wire  released  from  torsion 
behaves  in  a  difterent  way  from  the  normal  one,  the  m:ignetic  effect 
of  stress  onl  living  the  removal  of  it. 

il.    The  effecl  of  combined   longitudinal  and  torsional 
stresses  on  the  retenliveness  of  nickel  wire. 

After  the  preceding  experiments  w^re  finished,  I  determined  to 
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examine  the  residual  magnetism  of  the  nickel  wire  under  the  action 
of  two  stresses,  especially  at  the  point  where  the  susceptibility  sud- 
denly increases.  The  experiments  were  conducted  in  very  much  the 
same  wav  as  befijre.  A  nickel  wire  -40  cms.  lono-  and  1  nun.  thick 
Avas  placed  in  a  double  solenoid,  the  second  solenoid  serving  to  neutral- 
ize tlie  earth's  field.  After  the  wire  was  demagnetized,  magnetizing 
forces  of  gradually  increasing  magnitudes  were  applied  and  removed. 
The  residual  magnetism  was  then  measured.  All  the  applications  and 
removal  of  the  magnetizing  force  were  conducted  very  gradually  and 
readings  were  taken  at  each  step. 

The  wire  was  treated  exactly  as  before  as  regards  both  the  longi- 
tudinal and  the  torsional  stresses.  The  observations  for  each  of  the 
combinations  of  longitudinal  and  torsional  stresses  are  given  in  the 
following  tables,  which  also  contain  the  ratios  of  the  temporary  and 
residual  magnetisms. 


I.     W  =  2.5kgs.  cm-. 

T:=0  7-=U..j°  per  cm. 
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.o  Ciii. 


'I'euip. 

Kesia. 

KesM. 

Temp. 
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Temp. 
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1.9 

8.3 

1.5 

3.3 

.3 
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16.5 

7.3 
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97 
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98 
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.(in 

67.3 
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.78 
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97 
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97 
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m 
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95 
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94 

1 7.4 
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267.6 

226.1 

.84 

19.3 
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276.8 

230.8 

.83 

29 1.7 

268.0 

92 

23.2 

290.4 

209.9 

.72 

290.7 

237.6 

.82 

297.0 

269.6 

91 

27.0 

307.6 

219.5 

.71 

300.8 

2K).9 

.80 

303.3 
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90 
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r=4".5  per  cm. 


r=:9°.U  per  c 
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.81 
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257.4 
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18:3.5 

.79 

27.0 

296.1 
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.90 

280.5 

257.9 

.92 
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II.     W  =  145  kg,s.  cur 
r=0°.5  per  cm. 
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o  per  cm. 


Temp. 

Ro.sicl. 

Kesi.l. 

Teuip. 

Resid. 

Resid. 

Temp. 

Resid. 

Kesid. 

^^ 

Mag. 

Mag. 

Temp. 

Mag. 

Mag. 

Temp, 

Mag. 

Mag. 

Temj). 

1.9 

4.0 

4.0 

0 

2.3 

0 

3.9 

9.7 

9.1 

.  / 

4.5 

.8 

5.8 

18.3 

4.6 

.25 

2(î.4 

14.4 

.51 

l(i.2 

10.2 

.60 

6.8 

38.1 

24.1 

.tVô 

51.5 

44.6 

.86 

7.7 

;io.4 

12.4 

.41 

51.5 

39.3 

.72 
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1 70.8 

.96 
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98.8 
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.79 

229.4 
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.96 
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.66 
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.96 
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.71 
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172.9 

.82 
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23.2 

224.9 
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.80 

27.(1 

212.9 

146.2 

.68 

237.6 

189.1 

.79 

272.3 

251.(i 

.92 
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7-=3°.0  per  cr 


7-==4°.5  per  cai. 


per  cm. 
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1.9 
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0 
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0 
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3.9 
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0 
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0 
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.3 
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.32 
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.98 

46.5 
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.96 
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r^4°.-j  per  cm. 


T=9°  per  cm. 
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193 
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13-1.0 

.81! 
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128.7 

.85 
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.84 
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1  33.0 

.83 

27.0 
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.80 

The  curves  .showing  the  temporary  and  residual  magnetisms  are  given 
in  Figs.  0,1,  ()„,  7„,  and  Figs.  5,,,  6,„  7,,  ;  and  the  curves  showing  the 
ratio  of  the  rcsichial  to  the  iiuhiced  magnetism  in  Figs.  5,.,  6,.,  and  7^.. 

The  inspection  of  these  figures  will  show  how  curious  a  change 
is  produced  in  the  residual  magnetism  of  twisted  nickel  wire,  when 
the  magnetizing  force  is  that  which  corrcs[)i)nds  to  maximum  suscep- 
tibility. In  some  cases,  the  amount  of  residual  magnetism  is  indeed 
enormous,  reaching  to  .UcS  of  the  induced  magnetism. 

Examining  the  curves  obtained  f)r  the  wire  which  was  only 
subject  to  till'  action  of  its  own  weight  and  the  twisting  rod,  we  see 
that  f  )r  tile  untwisted  wii'c,  the  r;itio  of  residual  to  temporary  magnet- 
ism increases  to  a  maximum  at  about  field  1(1.  Its  \alue  is  then  .74. 
At  higher  fields,  this  ratio  graduidly  dimini^lies.  The  curve  repre- 
senting these  ratios  is  shown  in  Fig.  .5..  iJut  when  tlie  wire  is  twisted 
only  through  ati  angle  of  (T.!)  per  cm.,  the  curves  of  induced  and 
residual  magnetisms  are  cpiite  dilfercnt  from  those  of  the  untwisted 
wire.     The  ratio  of  residual  to  temporary  magnetisms  increases  up  to 
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.89  instead  of  .74.  However,  this  large  retentiveness  occurs  just  at 
the  field  wliere  the  susceptibiHty  is  at  its  maximum.  Tlie  rate  at 
which  this  ratio  grows  with  the  field  is  almost  uniform  till  the  maxi- 
mum  is  reached,  if  we  leave  out  of  account  the  observations  at  very 
low  fields  which  caimot  in  the  circumstances  be  regarded  as  at  all 
accurate.  The  curves  in  Fig.  5,,  are  therefore  straight  up  to  the 
maximum.  For  the  twisted  wire  the  maximum  is  passed  very  abrupt- 
ly ;  and  for  the  rest  of  their  course  all  the  curves  are  approximately 
straight  lines. 

With  a  twist  of  1°.5  per  cm,  the  amount  of  residual  magnetism 
increases  still  more  ;  and  at  the  maximum  point  which  again  occurs 
near  the  Wendepunkt,  the  ratio  of  the  residual  to  the  temporary  attains 
the  value  of  .98.  It  is  indeed  wonderful  what  a  great  eftect  simple 
twisting  of  nickel  produces  upon  its  retentiveness.  The  approach  to 
the  maximum  ratio  takes  place  more  suddenly  in  this  than  in  the 
previous  case,  the  curve  sloping  more  steeply.  There  is  nothing  sin- 
gular after  the  maximum  is  passed,  but  the  rate  of  fixll  for  higher 
fields  becomes  distinctly  less  for  the  lai'ger  twist.  When  the  twist  is 
increased  to  4°.5  or  9°  per  cm,  there  is  a  distinct  tendency  in  the  curve 
to  return  to  its  former  state.  Thus  the  slope  gradually  becomes  less 
steep,  and  the  maximum  occurs  at  higher  fields.  But  the  ratio  of  the 
residual  to  the  temporary  magnetism  still  keeps  to  its  late  value. 
Again  the  rate  of  fall  of  the  ratio  after  the  maximum  is  reached  grad- 
ually lessens  as  the  twist  is  increased. 

From  these  experiments,  we  gather  that  twist  applied  to  nickel 
wire  increases  its  residual  magnetism,  which  attains  a  maximum  in 
the  field  corresponding  to  the  maximum  suscejitibility.  For  moderate 
twists  this  maximum  residual  falls  short  (jf  the  temporary  magnetism 
by  only  2  per  cent.  The  sooner  the  '■  Wendepunkt  "  occurs,  the 
more  rapid  is  the  rate  of  increase  of  the  residual  magnetism  ;  and 
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consequently,  there  exists  a  twist  for  which  tlie  luaximum  slope  of  the 
percentage  curve  attains  a  greatest  vahie.  Tlic  rate  at  which  the  resi- 
dual niagneti.'<in  falls  oft'  in  higher  fields  is  diminished  as  the  twist 
is  increased. 

The  next  series  of  experiments  related  to  the  comhined  effect  of 
torsional  and  longitudinal  stresses.  For  this  jjurpose,  a  new  wire  prop- 
erly prejjarod  was  loaded  with  1.14  kgs.  The  normal  eur\e  (Fig.  fi) 
show  a  slight  decrease  of  retentiveness  ;  and  the  curve  obtained  for 
the  twist  of  0°.5  per  cm.  does  not  show  those  curious  character- 
istics of  tlu'  twisted  nickel.  The  retentiveness,  however,  is  greatly 
increased,  and  at  its  maximum,  the  residual  magnetism  is  .85  of  the 
induced.  lUit  when  the  twist  is  increased  to  1°.5,  all  the  curious 
properties  of  twisted  nickel  already  mentioned  become  apparent  and 
confirm  the  results  already  ol)tained  for  the  unloaded  wire.  In  this 
case  the  nuiximum  ratio  of  the  residual  to  the  induced  magnetism 
attains  the  enormous  value  of  .985.  The  greatest  maximum  slope  in 
the  ratio  ciu'ves  again  occurs  for  the  value  of  twist  for  which  the 
"  Wendepunkt  "  occurs  sooner.  This  is  f^r  a  twist  of  nearly  3°  per  cm. 
As  may  be  seen  from  the  experiments  on  the  relation  of  3  find  !q  , 
this  is  the  twist  which  gives  the  maximum  differential  susceptibility. 
Hence  it  would  appear  that  the  twist  of  about  3°  per  cm.  has  a  certain 
critical  significance  in  the  relations  of  twist  to  magnetization  for  the 
specimens  of  nickel  wire  used. 

When  the  load  is  increased  to  3.14  kgs.,  the  maximum  ratio  of 
residual  to  temporary  magnetism  diminishes  to  .97,  but  the  general 
characteristics  still  remain  the  same. 

The  experiments  made  on  the  wire  which  was  loaded  with  a 
weio'ht  of  8.14  ko-s.  also  brings  out  clearly  the  effect  of  twist  on  the 
retentiveness  of  nickel.  The  residua]  magnetism  for  no  twist  is  indeed 
very   small    with    surh  a    large  load  ;  but  merely  twisting  the  wire 
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through  1°.5  per  cm.  is  sufficient  to  increase  tlie  maximum  retenti^■e- 
ness  more  than  6  times  for  afield  of  27,  althougli  the  absohite  vahie 
of  tlie  residual  magnetism  falls  far  short  of  the  values  obtained  for 
small  longitudinal  stresses.  Tiie  maximum  value  of  the  ratio  of  the 
residual  to  induced  magnetism  is  .90  for  a  twist  of  4°.5  per  cen.  These 
phenomena  are  represented  in  Fig.  7.,,  7i„  7^. 

All  these  curious  properties  of  the  twisted  nickel  must  be  ac- 
counted for  by  the  change  of  molecular  structure  caused  by  the 
torsional  stresses.  But  as  we  know  nothing  regarding  molecular 
arrangements,  we  can  make  no  definite  assertion  how  the  chantée 
takes  place.  We  may  however  conceive  the  wire  in  the  normal  state 
as  consistino-  of  an  assemblage  of  rows  of  molecules  arranj^ed  in 
a  straight  line  along  the  lenj^th  of  the  wire.  On  twisting  the  wire, 
these  rows  or  filaments  of  molecules  will  no  longer  be  straight,  but 
will  become  a  spiral.  Since  all  such  molecular  filaments  in  the  wire 
sutler  similar  distortion,  the  axes  of  the  molecules  in  the  unmagnetized 
nickel  will  be  iudifterently  placed  in  all  directions  either  in  the  normal 
or  the  twisted  wire.  Now  if  the  wire  is  magnetized  longitudinally, 
the  magnetizing  force  will  be  parallel  to  the  molecular  filaments  in 
the  untwisted  wire,  but  in  the  twisted  wire  the  corresponding  mole- 
cular filaments  will  no  longer  be  parallel  to  the  magnetizing  force. 
Such  considerations  would  lead  us  to  expect  distinct  differences  in  the 
curves  of  magnetization  for  the  two  states  of  nickel. 

If,  according  to  Weber's  theory,  the  application  of  a  magnetiz- 
ing force  tends  to  turn  the  axes  of  the  molecules  in  one  direction,  t\w 
results  of  my  experiments  show  that  the  twist  applied  to  the  wire 
makes  the  molecules  turn  more  easily.  There  also  exists  a  critical 
value  of  twist,  beyond  or  below  which  the  molecules  turn  with  less 
ease.  This  twist  is  about  3°  per  cm.  in  the  wire  experimented,  lîut 
in  spite  of  the  ease  of  the  molecules  in  tiu-ning,  they  seem  to  be  nn- 
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able  to  turn  beyond  a  certain  angle,  so  that  when  once  the  sudden 
rotation  of  molecules  takes  place,  the  rate  of  turning  becomes  very 
small.  It  also  appears  that  when  the  sudden  turning  of  the  molecules 
takes  place,  the  tendency  of  the  molecules  to  revert  to  their  former 
positions  is  very  small,  the  retentiveness  being  large 

All  this  is  a  mere  hypothesis,  since  we  know  nothing  of  the 
original  arrangement  of  the  molecules,  and  far  less  of  how  they  are 
changed.  If  however  we  assume  Weber's  theory,  we  may  regard  the 
curious  phenomena  presented  by  twisted  nickel  as  being  accompanied 
by  such  motions  of  the  magnetic  molecules  as  have  just  been  described. 


Specific  Volume  of  Camphor  and  of  Borneol 

determined 
with  proximate  accuracy. 

By 
FVIilsuru  Kuhara,  Ph.  D. 


The  iiKitcTial.s  employed  in  the  experiments  were  ordinary 
«•oinmercial  camphor  and  borneol,  purified  by  repeated  sublimation. 
Their  melting  and  boiling  points*  were  foimd  to  he  as  follows  : 


Melt,  point. 

Boil,  point 

Camphor 

177.7° 

205.,r 

Borneol 

_ 

209.7° 

In  these  determinations  a  number  of  experiments  were  repeated  and 
in  each  nece.sisary  corrections  were  made. 

The  determination  of  the  s[)ecific  gravity  of  liquid  c;un]3]ior 
and  of  liquid  borneol  was  made  witli  the  use  of  a  cylindrical 
.specific  gravity  bottle  of  a  small  size  whose  capacity  had  carefully 
been  ascertained  by  filling  it  with  boiled  distilled  water.  Either  the 
camphor  or  the  borneol  was  fused  in  a  long  cylindrical  ve.ssel  over 
the  paraffin  bath,  and  rlie  specific  gravity  bottle  and  its  stopper,  tied 
separately  witli  platinum  wire,  were  both  introduced  into  this  C3dindri- 
cal  vessel  and  heated  together  with  the  melted  camphor  or  borneol. 
As  the  boiling  point  of  the  liquid  camphor  and  of  the  liquid  borneol 
is  always  found   a  few   degrees   higher   than   thit  of  the  vapour,  the 

•  In  most  text-books  the  melting  and  boiling  points  of  camplior  are  given  to  be  174°  and 
201°  respe:;ti7ely,  and  the  boiling  point  of  boi-neol  to  be  21i°. 
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moment  the  temponiturc  oi'tlic  Ji([iiid  reached  205.8°  or  207.0°  (hoil- 
ing  j)oints  of  their  vapours),  the  stopper  was  instantly  closed  and  the 
bottle  filled  with  the  liquid  was  taken  out,  cooled  and  weighed.  These 
experiments  were  conducted  under  a  higher  barometric  pressure  than 
the  normal,  all  the  measurements  being  made  by  means  of  the  cor- 
rected thermometer.  The  specific  gravity  was  calculated  according  to 
the  following  formula  referring  to  the  water  of  4°. 

Specific  gravity  =  y^^J^^^r^,_^^^ 

]V  =  Weight  of  the  liquid  camphor  or  liorneol  at  T. 

T  =  Boiling  point  of  camphor  or  borneol. 

T'  ^=  Volume  of  water  at  t  (or  the  capacity  of  the  bottle  at  /). 

t   =  Temperature    when    the    bottle    filled    with    water    was 
weighed. 

8/3  =  Coefficient  of  the  cubical  expansion  of  glass  =  0.0000251. 

I.     Experiments  on  Camphor  CioHj^O 

The  following  three  experiments  were  performed  with  a  bottle  of 
the  capacity  of  6.28114  c.c.  at  30.5°. 

(  1  )     Cainplior  in  the  bottle  weighed  5.1304  grins  at  205.3°. 

V    -    /  55  11  11  11  11  O.tUoJ  ,,  ,,  ,, 

r  8  "l  5  US') 

\  ''  )  11  11     11        11  11  ''•  1 1^'^''      11      11        11 

The    fourth    experiment    was    performed    with    a   bottle   of  the 
capacity  of  2.98632  e.c.  at  40.5°. 

(  4  )     Cam])hor  in  the  bottle  weighed  2.4252  grins  ;it  205.3°. 

Seven    inore   experiments    were   performed    with   a  bottle  of  the 
ca))aeity  of  2.7451.S  c.c.  at  40.5°. 

(  5  )      C;unphor  in  tlie  l)..ttle  weighed  2.2400  grins  :il   205.3°. 


SPECIFIC  VOLUME  OF  CAMPHOK  AND  OF  BOKNEOL. 
(  6  )     Camphor  in  the  bottle  \vciglied  2.:2470  grms  at  205.3°. 

(8) 

(  9  ) 
(10) 
(11) 


â23 


)5         5) 


»         55 


5)         )) 


5)         5) 


5J         5J 


2.2405  „  „ 
2.2330  „  „ 
2.2355 
2.22Ü0 
2.2315 


5!  5! 


)5  55 


J5  55 


Specific   gravity   at    205.3°  deduced   according   to   the  formula 


given  above  : 

(1)  0.8131 

(2)  O..S0i)7 

(3)  0.8113 

(4)  0.8087 

(5)  0.8125 

(6)  0.8147 


(  7  )  0.8127 
(8)  0.8100 
(  1)  )  0.8109 

(10)  0.8085 

(11)  0.8094 
Mean 0.8110 


Molec.  wt 


152 


opecmc  volume  =  rj r-—  =   ,,  „..    =  18  <  .42 

i  >Sp.  gravity  0.811 

II.     Experiment«  on  Borneol  CmHigU 

The  experiments  were  performed  with  a  bottle  of  the  capacity  of 
2.74518  c.c.  at  40.5°. 

(  1  )     Borneol  in  the  bottle  weighed  2.2284  grms  at  209.7°. 
{■^)         „         ,5     5,        ,5  5,         2.2284 

(3)         „         „     „        „  „         2.2265     „ 

(•1)  „  55         55  ,5  55  2.2245 

(5)         „         „     „        „  „         2.2390 

(<!)         „         „     „        „  „         2.2258 
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Spécifie  gvavity  at  -^01». 7°. 

(1)  0.8082  (4)     0.8071 

(2)  0.8082  (5)     0.8120 
(  o  )     0.8075  (  (i  )     0.8073 

Mean 0.8083 

opecmc  volume  =  -; ^ —  =  ~mjnöw  =  I'M).,) 

J  bp.  gravity  O.HOöö 

S[)eciti<.'  volume  of  eamplior  and  of  borueol  calculated  with 
Kopps  values  of  the  atomic  volumes  of  carbon,  hydrogen  and 
oxygen,  supposing  the  former  as  a  ketone  and  the  latter  as  an 
alcohol,  i;-^  found  to  he  as  follows  : 

Camphor.  iJorneol. 

Ciu 10x11     =110  C,o  10X11^110 

III« l(i  X  5.0    =    88  II.B 18x5.5=    i)[) 

{)     1x12.2=12.2  O     1x7.8=7.8 


Specific  volume   210.2 21(i.8 

Thus  it  is  seen  that  the  calculated  values  are  much  greater  than  those 
found  by  experiments.  Also  the  specific  volume  of  benzene  and  of 
some  of  its  derivatives  calculated  with  Kopp's  values  is  often  found 
to  be  much  greater  than  those  obtained  experimentally.  In  Watt's 
Dictionary  of  Chemistry,  3rd  Sujiplenient,  page  212(),  the  following 
statements  are  given,  "Lothar  ^Icyer  makes  H  =  3  and  Löschmidt 
C  =  14  and  H  =  3.5  ;  and  by  assuming  that  half  the  carbon  atoms  in 
benzene  have  the  value  11  and  the  remainder  the  value  11,  and  that 
hydrogen  has  the  constant  value  3.5,  we  obtain  a  value  for  this 
hydrocarbon  which  is  identical  wiih  the  observed  values."      Thus: 
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325 


Ca 


Kopp 


Eamsay 


3    X    U  =4:2 

3  X   11  =83  )9(i 95.8 95.9 

0  X  3.5-21 


I  tried  to  ap})]}"  tliese  value.'!!  of"  carbon  and  liydrogen  and  Kopp's 
values  of  oxygen  {l'2.'J  and  17.8)  to  eauiphor  and  borneo],  supposing 
each  to  C(jnsist  of  a  closed  chain  of  six  carbon  atoms  like  benzene,  and 
I  foinid  that  the  calculated  specific  volumes  are  almost  concordant 
^vi(ll  those  observed. 

Camphor.  Borneol. 


Calculated         Fouu'l 


Calculated 


Found 


c 


3   -    3  X  14 

C,   =   7x  11 

Hl,;  =  l()    X    3.5 

0     =    1  X  12.2 


187.2. ..187.42 


189.8. ..190.5 


Cs   =   3  X  14 
C,   =    7  X   11 
Hi,  =  18  X  3.5 
U     =^    1  X  7.8 

I  tried  farther  to  compute  the  specific  volumes  of  some  of  the 
benzene  derivatives  whose  experimental  numbers  are  already  known, 
by  applying  similar  method  of  calculation  to  them,  thus  : 

Found. 


Calculated. 


Benzene 
Phenol 


Kopp 

95.8 
103.(3 


Ramsay 

95.9 
106.9 


Yoshida 


C  =  14&11;  C=11;H=5.5: 

H  =  3.5;  0  =  1:>.247.8 

0=  12.2  &  7.8 


Benzylalcohol  .  123.7 
Benzaldehyde  .  118.4 
Ethyl  benzoate  172.4-174.8 
Benzoic  acid...  126.9 
Naphthalene...  149.2     ... 


—  ...  96.0  ...  99.0 

—  ...  103.8  ...  106.9 

—  ...  121.8  ...  128.8 

—  ...  119.2  ...  122.2 
163.1*...  162.0  ...  174.0 

—  ...  127.0  ...  130.0 

—  ...  150.0  ...  154.0 


*  This  number  was  observed  according  to  Ramiay's  method  by  Mr.  H.  Yoshida,  Science 
College,  Imperial  University  of  Tokio. 
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It  thus  !i|)])o;u\s  that  the  niimljers  found  l)y  tlic  new  way  of  (alcuhi- 
lioii  a^■l•et'  better  with  the  observed  ones,  in  .^onie  ca.se.s,  than  with 
those  eahaihited  witli   Kopjj's  \ah7es. 

Now   the  principal   formula'  for  eaniphor  suggested  by  different 
ehemists  are  six  in  number,  namely  : 


(1) 

C3H7 

I 
CH 

/\ 

n.G     I'll., 

"I       I  ' 

HC       C=0 
\/ 

c 

CH3 

Ivekulé. 


(-0 


H.,C— CH., 

/       \" 

CH3-C  C-C3H7 


HC-Ü-CH 


Victor  Meyer. 


H„C CH., 

/  \ 

H„C        CH„ 

"I  I    " 

H.,C         CH., 

■\/     " 

/  \ 
HoC-O-CHj 

Hlasiwetz. 


(^) 


(^0 


(^) 


CH„ 

C3H, 

1 

CH., 

/\ 

c 

/\ 

H„C        C- 

C3H, 

/ 

\ 

H.,C        CH CH 

H„C        CH 

^CO 

H,C 

CO 

1 

CH. 

"1       l_ ^c'h 

-HC        C-CH.*^^ 

'\/ 

H,C 

CIL, 

\/ 

C 

"\ 

/ 

c 

H, 

C 
CH 

H. 

Kachler 

Kano 

nnikow. 

Armstrong. 

rO 


If  we  suppose  the  above  method  of  calculation  to  be  true  there 
may   exist  in    camphor,    a   closed    chain   of  six    carbon    atoms    and 


(  1  )  Ber.  d.  deut.  cliem.  Gesell.  VI  -  929. 

(2)  „      „      „  „  „       m -116. 

(:î)  „      „      „         „  „       III -540. 

(  +  )  Annal.^n  d.  Chem.  CLX  V  - 185. 

(5)  Ber.  d.  deut.    chem.  Otesell.  XVI  -  3051. 

(G)       „      „      „        „         „  „        XI -1698. 


SPECIFIC  VOLUME  OF  CAMPHOR  AXn  OF  BORXEOL.  327 

cnniphor  itself  inny  ho  :i  ketone,  niid  iheii  tlie  lonnulu  1,  1  or  .")  mny 
represent  its  eonstittition,  as  any  one  of  the  remaining  formula^  would 
represent  it  as  an  oxide.  Kanonnikow,*  liowever,  who  determined  the 
refraction  equivalent  of  camphor  and  of  its  allied  compounds  by 
applying  Bruhl's  method,  states  that  camphor  has  no  double  union 
between  carbon  atoms.  Hence  it  may  be  concluded  that  one  of  the 
formula?  4  and  5  represents  the  constitution  of  camphor,  and  borneol 
is  its  corresponding  alcohol. 

*  Ber.  il.  dent.  chem.  Gesell.  XVI -3051. 
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Beitraege   zur   Theorie    der   Bewegung   der 
Erdatmosphaere  und  der  Wirbelstüerme 

(Zweite  Abhandlung) 

vou 

Dr.  Phil.  Diro  Kitao. 

Pi-ofcs5or  fiii'  Physik  uiul  Mathematik  au  der  Kaiserlichen 
Akademie  für  Forst-uud  Laudwirthschaft  zu  Tûkyû. 


§    riir.     Wnitchjchict  der  ficradliiiigen  Isoharen. 

Ganz  so  volLsttlnclit!;  wie  der  Fall  eines  kreisförmiscen  Gebietes  der 
Verticalströmung*  lässt  sich  nun  derjenige  Fall  behandeln,  wo  das 
Gebiet  der  Verticalströmung  durch  zwei  unendlich  grosse  Ebsnen 
begrenzt  ist. 

Wir  nehmen  an  :  die  Ebenen,  welche  das  Geljiet  der  Vertical- 
strömung begrenzen,  seien  parallel  gerichtet  der  {ijz')  Ebene  und  ihr 
g-etrenseitiofer  Abstand  sei  à.  Wenn  wir  den  Coordinatenanfung  in  die 
Ebene  legen,  welche  diesen  Abstand  der  beiden  unendlichen  Ebenen 
halbirt,    welche    wir    die    Mittelebene  nennen    wollen,    so    hat    man 

bekanntlich  als  Potential t  einer  mit  der  Masse  -^  erfüllten  unendlich 

grossen  Schichte  von  der  Dicke  ô  für  einen  äussei'en  Punkt 

*  Dr.  Dirù  Kitao.  Beiträge  zur  The  irie  der  Bewegung  der  Enlatmosphilre  und  dor 
Wirbelatürme.     Dieses  Journal.  Vol.  I  pag.  183 — 209. 

+  Thomson  und  Tait.  Handbuch  der  theoret.  Physik,  (iborsetzt  von  H.  Ilolmlioltz  und  G. 
Wertbeim.     IHH    Band  I  zweiter  Theil    pag.  41. 
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^  X  +  Const 


9i  = ^  x"  +  Const 

so  dass  '<\]so  die  Bedingungen,  denen  9  geniigen  muss 


und 


^  =  ^^  für    r.  =  4- 

ex  ex  '1 


erfüllt  .^ind,  du  die  Normale  der  unendlichen  Ebene  iibei-all  mit  der 
l\ichtunof  der  x  Achse  zusammenfallt.  Für  die  neji^ative  Hälfte 
der  (xij)  Ebene  hat  man  dabei  überall  à  negativ  zu  setzen. 

Wir  fassen  zunächst  den  Fall  in's  Auge,  wo  die  Vcrtical>trö- 
muno-  eine  aufsteicrende  ist  und  setzen  wieder 

cy  c.r  ex  ey 

Es  ist  sehr  leicht  die  Ikweg-uno-  in  äusseren  wirbelfreicn  Gebiete  zu 
finden.     Da,  wie  wir  allgemein  gefunden  halben 

und  in  dem  vorliegenden  Fall  IF„  von  y  unabhängig  ist,  so  folgt 
auirenblicklich 

"  ~   ?,(•   ~  2 

UV        2Xsindy!) 

V  =  —  -^r—  = —r  w  =  0 

ex  K         2 

Die  Geschwindio'keit  der  Luft  im  äusseren  wirbelfi-eion  Gebiet 
ist  demnach  constant  und  jedes  Luft t heilchen  strömt  auf  der 
positiven  (südlichen)  Hälfte  der  unendlichen  (.r//)  Ebene  von  SW  her, 
und  auf  der  negativen  (iK'irdlichen)  Hälfte  alx'r  von  A'O  her,  und  zwar 
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sreradliniir,  d:i  die  Cilcirliuno'  für  Windbuliii  -7^  = eruiebt 

2/  =  —  —  X  +  Const 

Als    Isodynainen  erhält  inun  ferner  aus  (50)  (pag.   172.   vol.   I  d. 
Joui'nals) 

Hieraus  findet  man  für  den  Druck  im  äusseren  wirbelfreien  Gebiet 

i),.  =.  Co«s«  +  ßG  +  ^[1^   +   ^ )  X '^-[l  +  -^, ^ 

Die  Isobaren  sind  demnach  der  y  Achse  parallele  Geraden, 
und  ihre  Gradienten  dabei  constant,  =^^f  k:  +  — — j- 

Um  die  Bewegung  im  inneren  wirbelerfüllten  Gebiete  zu  bestim- 
men brauchen  wir  nur  W  für  einen  inneren  Punkt  aufzustellen.  Zu 
dem  Ende  setzen  wir  den  Werih  für  9^  in  die  Gleichung  (42)  (pag. 
169,  Yol.  I)  so  dass  wir  unter  der  Voraussetzung,  dass  die  Bewegung 
eine  stationäre  sei,  erhalten 

-yx'^^  +  {K.-y)  ûWi-\-2Xsi,iOy  =  0  (84) 

,    Wenn  wir  hierbei  zunäclist  annehmen,  dass  k  ^  y  sei,  und  —  =  vi 


setzen,  so  folgt  durch  Integration 


2Xsi,iO         cPJFi 


{in  —  1  )  iW 

wo  A  eine  willkürliche  Constant  ist.     Eine  nochmalifjc  Integration 
ergiebt  hieraus 

cHVi  _  Ax^  _  2 A  gut  Ov 
dx  m  (;k— ]) 

Die  zweite  Integrationsconstante  ist  ^  0  zu  setzen,  wenn  die  Gesch- 
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windigkeit  in  der  Mittelebenc  (x  =  0)  verschwinden  soll,    wilhrcnd 
die  erste  Integrationsconstante  A  gemäss  der  Grenzbedinofinu 


^'^'  ^^^«  fin...  ^ 


bestimmt  werden  muss.     Dies  ergiebt 


mithin  fol^t 


rflF;  _  IXsine.x  r  1  /2r\"'^        "1 
dx    ~     {m-\)      \_m\  Ô   )  J 

Weiterfolgtaus  JJF;  =  — ^  +  2  ^sf«  (9  als   Kotationsgcsch  windig- 
keit eines  Lufttlieilchens 

^     2  Xsiii  or       /2.,\"'  n 

und  fol"licli  als  Deviationswinkel 

Der  Deviationswinkel   ninnnt  dc'innach  stetig  nach   der  Mittelebene 

t       ,        ■        2  A  Si«  dm.  .  ,  ,  , 

zu,  wo   entweder   tan   i  =:  —- r— -  oder  =  o:  ,  le  nadidem  m  >  1 

oder  m -<  1   ist.     Als  Componenten  der  Geschwindigkeit  im  inneren 
AvirbelerfüUteu  Gebiete  erhalten  wir  ferner 


V  =  - 


-yx 

2Xsin0.  x 


mr^i 


(81.) 


IV  =  y.  z. 
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Die  Componenteii  v  ist  positiv  für    die    nördliche    Hemisphäre   auf 
der  positiven  Hälfte  der  (x  y)   Ebene,  gleichgiltig,    ob  m  >  1  oder 

m  <  1  ist.     Ist  nämlich  ?«>  1,  S(j  ist,  d;i  ~  immer  ein  echter  Bruch 

0 

ist,  die   eingekhunmerte    Grösse    demnach    neofativ.       Ist    dao-eo-en 
in  <:  1,  so  ist  — (^)         >  1,  •^^^(x)  "^^^  echter  Bruch  ist,  und  die 
eingeklammerte    Grösse    daher    positiv.      Da   aber    (m  —  l)    zugleich 
negativ  ist,  so  folgt,  dass  v  auch  in  diesem  Fall  positiv  sein  muss. 
Als  Windbahn  findet  man 

also  im  Allgemeinen  eine  Parabel  höheren  Grades,  welche  die  Normale 
der  Mittelebene  unter  einem  Winkel  schneidet,  dessen  tri"-onometri- 
sehe  langente  = — ^^^  ,, —  ist,  wenn  ?»  >-  1.  bie  geht  aber  parallel 
zur  Mittelebene,  wenn  m  <;  1  ist. 

Die  Bewegung  der  Luft  im  wirbelerfüllten  Gebiete  lässt  sich  etwa, 
wie  folgt,  charakterisiren.  Auf  der  südlichen  Hälfte  der  (xi/)  Ebene 
strömt  die  Luft  in  der  Richtung  N  z.  0,  und  nährt  sich,  sich  allmälig 
umbiegend  in  der  Nähe  der  Mittelebene,  um  so  rascher  dem  reinen 
Ost  je  grösser  y  gegen  K  ist,  d.  i.  je  grösser  die  Geschwindigkeit 
der  aufsteigenden  Strömung  gegen  Reibungswiderstand  an  der 
Erdoherfläche  ausfällt.  Die  Lufcbewegung  geschieht  auf  der  nördli- 
chen Hälfte  in  diametral  entgegengesetzter  Richtung;  sie  ist  anfangs 
S  Z.W  und  geht  in  der  Nähe  der  Mittelebene  allmälig  zum  reinen 
West  über,  luid  zwar  um  s(j  rascher,  je  grösser  y  gegen  »c  aus- 
fällt. Die  Figur  (1)  Taf.  XXV.  veranschaulicht  den  ungefähren 
Verlauf  der  Windbahnen  im  innern  und  äusseren  Gebiete  für  die 
nördliche  Hemisphäre 
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In  Folge  der  verticil  aufsteigenden  Sti-ömung  beschreibt  dabei  jedes 
Lufttlieilchen  eine  Curve  doppelter  Krümmung,  deren  horizontale 
Projection  jene  Parabel  höheren  Grades  ist.  Aus  der  ersten  und 
dritten  Gleichung  in  (84a)  ergiebt  sich  durch  Integration 

X  2  =  const. 

Die  Projection  der  Strüniungslinien  auf  die  (.^•  z')  Ebene  ist  eine 
Hyperbel.  Diejenige  auf  die  (3  ?/)  Ebene  ist,  wenn  wir  die  Coordi- 
naten  eines  Theilchens  zur  Zeit  0  mit  x^„  ?/o,  z^  bezeichnen 


2  Xs 


?Sf(^[-Kï?)T  — 


Diese  Gleichung  stellt  im  Allgemeinen  eine  hyperbelartige  Curve 
dar,  welche  die  Axen  der  Coordinaten  z  und  y  zu  ihren  Asymptoten 
hat,  wenn  m  >  1  ist.  Indem  ein  Lufttheilchen  also  auf  solchen 
Linien  hiuaufströmt,  erreicht  es  nie  die  Mittelebene,  wenn  es  einmae 
um  ein  Endliches  von  derselben  entfernt  war;  denn  die  Zeit,  welch 
dazu  nöthig  ist,  erweist  sich  als  unendlich  gross.  Aus  der  ersten, 
und  dritten  Gleichung  in  (84„)  ergiebt  sicli  durch  Integration 


—vi  +yt. 

X  — ^  Xq  ti  Z  —  Z^  G 


und  hieraus  weiter  durch  Elimination  von  x  aus  (84(,) 

Um   die  Mittelebene  muss  daher  tliats'ichlich  eine   Windstille  herr- 
schen, da  die  Luft  nur  vertical  aufwärts  strömt. 

Von  nicht  geringerem  Interess  ist  der  Ausdruck  für  den  Druck. 
Die  Gleichung  für  die  Isodynamen  (44)  (pag.  170  Vol.  I)  verwan- 
delt sich  in  unserem  besonderen  Fall  in 


dxr        dx'^     dx 


,    Al-iV:  ,     ,        .         „VIT; 
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Indem  man  fiir  -^-^  -r^  und  -r-^   ihren   bereits  bekannten   Werth 
ax      dx'  ax 

einsetzt,  und  zweimal  integrirt,  erhält  man 

_  Ô^X'sin-â  /2xV''' _     r  sin  "do"      /2x\"+^ 
*~2m\m-ir  \  Ô  )        [m-lf  (;«  +  !)  Vô  / 

.   x'^/iVsin"6m   ,    „    \    ,    ^         ^, 

wo  C  und  C  zwei  willkürliche  Constanten  sind,  die  gemäss  der 
Bedingungen,  die  an  der  Grenzebene  zu  erfüllen  sind,  bestimmt 
werden  müssen;  d.  i.  gemäss  der  Bedingungen 

0t  =  0„  — i  =  — 2  für   a;  =  -^ 

"  dx  dx  2 

woraus  die  beiden  Gleichungen  hervorgehen, 

*^   +  ^T  +  V   '«-1   )  \^'~^'i:+T)  +  "«"V     («i-1)-^  "^  '^  V 

Da  in  der  ersten  Gleichung  rechter  Hand  eine  dritte  willkürliche 
Constante  auftritt,  so  können  wir  6"  =  0  setzen,  und  erhalten  somit 

Das  (Quadrat  der  resultirenden  Geschwindigkeit  ist 

m  \ôJ      (m-1)'   *       ^    ('«-!)•' 
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da 

</>  =  4-  ("""  +  ^"^  +  W-)  +  -^  -  G 
isf,  so  folgt  schliesslich  als  Gleichung  für  Druck 

oder  etwas  anderes  îreordnet 


o 


Der  Druck  ist,  wis  es  zu  erwarten  stand,  um  die  j\nttelebene 
ein  Minimum,  und  wäclist  nach  Aussen  zu  stetig,  so  lange  m  >  1, 
d.  h.  IC  >  y  ist.  Wird  ///  <c  1  d.  h.  c  <.  y,  so  wird  der  Factor  von 
X'  negativ,  so  könnte  es  innerhalb  des  Wirbelgebietes  ein  Maximum 
geben,  weil  der  zweite  Differentialquotient  von  j);  auch  innerhalb 
der  Wirbelgebietes  einmal  verschwinden  kann,  was  auch  der  Fall 
ist,   wenn  y  grösser  als  2/1  .s/h  o  ist.     Es  ist  nämlich 

Setzt  man  dies  =  0,  so  erhält  man 

\ô/       \ô/  4Asi«-ö. 
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woraus  da.s  oben  (iesügte  hervorgeht.  Ob  aber  das  Maximum  in  der 
That  einem  inneren  Punkte  angehört,  das  liilngt  von  einem  sehr  ver- 
wickelten Verhältniss  zwischen   Xsiiiff,  y  und  K,  ab. 

Wir  erledigen  jetzt  den  Fall,  wo  K.  ^^  y  wird,  und  gelien  von 
der  Gleichung  (84)  aus,  welche  sich  in  diesem  besonderen  Fall 
verwandelt  in 

-yx  -~  +2  Asj/iö.  y  =  0 

Das  Integral  hiervon  ist 

Aiyi=:2XsinOlog  {x)  +  C 

wo  C  eine  willkürliche  Constante  ist.  Die  Kotationsgeschwindig- 
keit  der  Lufitheilchen  in  der  Mittelebene  wird  demnach  unendlich 
gross.     Die  nochmalige  Integration  ergiebt 

d  ]  V- 

-T-'  =  2Xsin  e.  r.  [log  {x)  —  l]-\-Cx 

Die  zweite  willkürliche  Constante  ist  —  0  zu  setzen,  wenn  die  Ge- 
schwindigkeit in  der  Mittelebene  verschwinden  soll.  Der  Grenzbe- 
dingung wird  es  gegnügt,  wenn  wir  setzen 

C  = -IX  sind  log  (ß^ 

so  dass  wir  erhalten 

^=.-2X^^nö{l-log-) 

Als  Geschwindigkeitscomponenteu  findet  man  somit 

XI.  =^  —  y  X 


v  —  '2X  sin  6x.  (l  —  log  —  j 


■!ü  =  y. 


als  Kotatiousgescli windigkeit 
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und  hieraus  als  Deviationswinkel 

Da  tag  t  =:  co  Avird  für  x  =  0,  so  müssen  die  Lufttheilrhen  in  der 
Nähe  der  Mittelebene  parallel  zu  derselben  strömen.  Demgemäss 
ist  die  Gleichunef  der  Windbahn  '"' 


2  ^  sin  0 


I  2  —  log(—j  I  +  const 


eine  transcendente  Curve,  welche  sich  der  ?/  Achse  fortwährend  nährt, 
ohne  sie  je  zu  erreichen. 

Die  Figur  (2)  Taf  XXV  stellt  den  ^'erlauf  der  Windbahneu 
in  diesem  Fall  dar. 

Die  Lufttheilohen,  welche  einmal  nicht  auf  der  Erdoberfläche 
waren,  werden  dabei  durch  die  ^'erticalströmullg  emporgerissen, 
und  steigen  hinauf  auf  Linien  doppelter  Krümmung,  deren  horizon- 
tale Projection  jene  transcendente  Linie  ist,  deren  verticale  Projectionen 
auf  die  (x  z)   Elx'ne   und   auf  die   (r  y)    Ebene   aber   durch    folgende 


Gleichungen 


xs  =  const 


f^Cï^D-'-Kf')]  — 


bestimmt  sind.  Die  erste  Curve  ist  wieder  eine  Hyperbel,  und  die 
zweite  eine  transcendente  Linie,  bestehnd  aus  zwei  Zweigen,  die 
sich  sowohl  y  Achse  als  der  z  Achse  asymptotisch  iiühren. 

Sowohl  die  Isodynamcn,  als  die  Isobaren  bestehn  selbstredend 
aus  zur  y  Achse  parallelen  (ieraden,  und  ihre  Ausdrücke  können 
auch  ohne  mindeste  Schwieri^jkeit  2:efunden  werden. 
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Ganz  eben  so  leicht  und  vollständio-  wie  der  vorhersrehende 
Fall,  lilsst  .sich  auch  der  Fall  behandeln,  wo  die  Luft  in  dem  durch 
zwei  unendliche  parallele  Ebenen  begrenzten  Gebiete  niederströmt, 
mit  der  Geschwindigkeit  w  =  —  y.z.,  ein  Fall,  in  welchem  wieder,  wie 
in  dem  Fall  des  kreisförmigen  Gebietes  der  A^ertical Strömung,  alle 
für  den  Fall  der  vertical  aufsteigenden  Stromun^  aufo-estellten  Aus- 
drücke  ungiltig  werden,  da  sie,  wenn  wir  statt  y  überall  — y  einführen, 
bei  jedem  AVerthe  von  y,  in  der  Mittelebene  unendlicli  gross  werden. 
Wir  setzen 

so  dass  die  Bedingungen 

/19„=0  Jy,=  y  ^^^  für.r  =  4- 

orfiillt  werden. 

AVenn  wir  die  Hülfsfunction  W  für  das  innere  Gebiet  bilden,  so 
begegnen  wir  auch  hier  derselben  Erscheinung,  wie  in  dem  Fall 
eines  kreisfiirmigen  Gebietes  der  Yerticalströmung,  dass  im  inneren 
Gebiete  luu-  Wirbel  mit  constanter  Bot:itions2feschwindifckeit  vor- 
banden  sein  ki'mnen.     Es  ist  daher 

AVVi  ^ const. 

Aus  der  Gleichung  (84)  fliesst  ohne  Weiteres,  indem  wir  —  y  fiu'  y 
setzen 

Mitliin  folgt 

dWj  _  1\sind.y 
d.r    ~       K  +  y 

WO  die  Integrationsconstante  =  0  zu  setzen  ist,  da  -7—'  in  der  ^littel- 
ebene  verschwinden  soll. 
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Dio    I'iii-    (ln><    iiussere   Gebiet   giltige  Lösung,   IK„  ==  - — 9„ 

«jeiiüfit  ;imh  liiei-  der  Grenzbediiifïiinii'  nicht.  Es  ist  hieraus  zu 
schliessei),  dass  auch  in  dem  vodieiicnden  Fall  Wh-bel  mit  variabler 
Ttotationsoeschwindig-keit  ausserludlj  des  Gebietes  der  Vertical- 
Strömung  existiren  müssen.  Die  Gleichung  (4?))  (pag.  IfiO.  Vol.  T.) 
wird  in  dem  vorliegenden  Fall 

Sep  làW 

CT.      ?.r 

d.  h. 

1     d<-  ' 

Das  Integral  hiervon  ist 

WO  C  eine  Constante  ist.      Mieraus  folgt  weiter 

Die     zweite     Integrationsconstante    6"    bestimmt    sich  durch    die 

Bemerkung,  dass  — t—  lur  unendhch    gros.ses  .r,    =     '>    (   — -^ ) 

werden  muss.     Mithin  folgt 

'^»a  yö  ^^l'L,,  ,    yô    2 X sind 


Der  Grenzbedingung 


äx  rf.r  2 


genügt  man,  indem  man  .setzt 


^  ^  2Xsin0.y    ^a_ 

(y  +  (C)     ''^ 


so  dass  wir  schliesslich  erhalten 
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Die   Componenten   der    Geschwindigkeit    im    inneren    Gebiete   sind 


dx 


u  =  yx 

2  Xsin  0.  y 

(lC  +  7) 

w  ^—y.z. 

und  die  Rotation><gesch windigkeit  eines  T.ufttheilchens 

2  Xsin  d 
^~   (K  +  y)   '^- 

und  hieraus  folgt  als  Deviationswinkel 

2  Xsin  0 

tan  t  = ■ 

(iz  +  y) 

also  constant,  und  wird  um  so  kleiner,  je  grösser  y  gegen  K.  ausfällt. 
Als  Windbahu  findet  man 

2  X  sin  0 
V  = ; X  +  const 

also    eine    Gerade,  welche  niit  der  positiven  y   Achse  einen  ^^'inkel 

einschliesst,  dessen  trigonometrische  Tanofente  =  — ^ — '-  ist. 

°  °  (K  +  y) 

Indem  die  Lufttheilchen  niederwärts  strömen,  fahren  sie  aus 
der  Grenzebene  heraus  auf  Curven,  deren  Projectionen  auf  die  (^z  x) 
und  (//  z)  Ebene  durch  die  Gleichungen  dargestellt  werden. 

xz  =  const.  2/  ^  =  const. 

d.  li.  ein  System  gleichseitiger  Hyperbeln. 

Als  Ausdruck  der  Tsodynamen  findet  man  ferner  für  einen  inneren 

Punkt 


,h  J \  ,   4a- sm-  d\x-   ^ 
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Dil  (las  Quadrat  der  result ii'enden  Geschwindigkeit 

AV  sin"  e^ 


y-?,-  +  v-.v- 1  I  + I 


ist,   so   kommt  hieraus,  als  Ausdruck  für  den   Druck   des    inneren 
Gebietes 

Wir  wenden  uns  zu,  zu  der  Betrachtung  der  Bewegung  im  äusseren 
Gebiete.     Die  Componenten   der  Geschwindigkeit    sind   gegeben   in 

Die  Kotationssfeschwindigkeit  eines  Theilchens  ist 
Hieraus  folgt  als  Deviationswinkel 

tag  /  wird  sonach  nn  der  Grenzel)ene,  =  "     ,  — ,  und  wächst  von  da 
ab  a  lmali<T  bis  zum  Jlaximum 

Als  Windbahn  findet  man 

2\sin  e 


11  = 


sin  0  /     ,         y'ô         ^JL(--^:^A\   , 
{  X  +  - — e    y  \,-.      V  I  +  conat. 


Die    ist    demnach    eine   Exponentialcurve,   welche    sich   der   Gerade 

^  7  sin  0 

11=  —  - — — — X  +  coiixl.    asymptotiscli  iiiihrt.      Die  Figur  (3)  Taf. 

XXV.  veranschanliclit  den  ungefähren   \'erlauf  der  Windl)ahnen  iu 
den  beiden  Gebieten 
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Die  Isobaren  sind  zur  x  A<'hse  senkreclite  parallele  ^Teraden  wie  die 
Isudynamen,  deren  Gleichung 

*«-  K^y  +  K)        V  i(7  +  /C)        "^^^       JJ<^     y\o       J+to,isl. 

ist.     Da  das  Quadrat  der  resultirenden  Geschwindigkeit 

ist,  so  folgt  als  Ausdruck  ftir  den  Druck  im  äusseren  Gebiete 

;;.  =  C  oust.  +  u  G  —  -^ —  {  1  -] — ; ) ^-— ,    ,'       e    T\7, — U 

Wie  es  zu  erwarten  war,  herrscht  um  die  Mittelebene  ein  Maximum 
des  Drucks,  welcher  dann  nach  Aussen  zu  stetig  abnimmt,  um 
schliesslich  in  hinreichend  grosser  Entfernung  vom  Gebiete  der 
Verticalstrümung  zu  einem  neuen  Maximum  asymptotisch  auf- 
zusteigen. Was  die  Bewegung  der  Lufttheilchen  unter  diesem 
Druckverhältniss  anbelangt,  so  strömen  sie  durchaus  im  anticyklo- 
nalen  Sinne  ;  sie  gehen  auf  der  nördlichen  Hälfte  geradlinig  in  der 
Richtung  S  Z.W  und  auf  der  südliclien  Hälfte  des  innei'en  Gebietes 
in  der  Richtung  Nz.Ü.  und  indem  sie  aus  der  Grenzebene 
heraustreten,  Avird  ihre  Strömungsrichtung  noch  mehr  nach  AV 
i'espect.  0  abgelenkt.,  und  die  Bahnen  welche  sie  besclueiben,  krüm- 
men sich  zuerst  rasch  nach  W.  resp.  0.,  um  in  hinreichender  Ferne 
vom  Gebiete  der  Verticalströmung  wieder  geradlinig  zu  werden. 


Die  bisher  entwickelten  Ausdrück  gelten  für  die  nördliche  Hemi- 
sphäre. Otfenbar. erhält  man  hieraus  sulche  für  die  südliche  Hemi- 
sphäre,,  wenn  man  üljerall  statt   d,  —  &  einführt.     Die  Ausdrücke  für 
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den  Drnck,  wie  für  die  Geschwindigkeitscomponenten  a  and  ic  änderen 
sich  nicht,  wolil  aber  für  die  Componente  der  Geschwindigkeit  parallel 
Zinn  Parallelkreis  ;  sie  wechselt  ihr  Vorzeichen,  wenn  man  für  +  0, 
—  0  setzt.  Es  folgt  hieraus,  dass  die  Strömungsrichtung  der  Luft 
unter  denselben  Umständen  auf  der  südlichen  Hemisphäre  um 
einen  rechten  Winkel  im  Sinne  der  Erdrotation  gedreht  erscheinen 
muss. 

Haben  die  beiden  unendlichen  Ebenen  welche  das  Gebiet  der 
Verticalströmung  begrenzen,  eine  andere  I>age,  als  die  parallel  zur 
ij  Achse  (zum  Parallelkreis),  so  ist  der  Fall  leicht  auf  den  oben 
gefundenen  zurück  führ  bar.  Es  sei  ^  der  Winkel,  welchen  die  unend- 
lichen Ebenen  mit  der  positiven  //  Achse,  d.  h.  mit  der  Kichtung 
von  AV.  nach  0.  einschliessen.  Wir  führen  ein  anderes  Coordinaten- 
system  ^,  j)  ein,  welche  so  definirt  sind,  dass 

^  =  X  cos  ^  +  y  sin  t/j 

jj  =^  y  cos  ^  —  X  sin  y> 

Dann  «nebt  ê=  \-  die  eine  unendliche  Ebene,    und  ^~ ^   die 

andei'e.  Da  ferner  die  Linien  ^  =  Const.,  jj  =  Coust,  Geraden  sind, 
und  sich  senkredit  schneiden,  so  ist 

-^.   +    \-.  =  -yTT  +  -y^-,^^'  oder  =  ±  y 

Ix-  cy         0^-  CT]' 

erfüllt,  so  wie 

Ix-         ?;/-         5^-         c^- 

Wenn  wir  in  die  allgemeine  Gleichung  ((42)  png.  l(!!l  N'ol.  I)  statt. c, 
ij,  $,  7?  einführen,  so  finden  wir 

\    1)i    Ix'^    Ijj     Ixjyii    Tix'^Iti    Ix'^l^ly       Ij)     ly  ) 
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+  {K-y)âW+iXmid.  y  =0 
Wenn  wir  hierin  setzen 

4^  =  0-  ^^-^^^0  4^  =  0 

OJ?  ^T)  cj) 

so  dass  wir  und  ?,    (^'  und  ^Ji-^  als  Functionen  von  ^  allein  vorzu- 
stellen haben,  so  folgt 

+  (K  -y)âW+2?^sin  (?.  y  =  0 
d.i. 

Da  aber 

so  folgt 

-^■^  +('C-y)^^F  +  2  a.sm  ^.  y  =  0 
ganz  wie  die  Gleichung  (84),   wenn  wir  hierin 

-y  É 
cp  =  +  -^a — \-  const. 

setzen. 

Sind  daher  die  beiden  unendlichen  Ebenen  gegen  den  Parallel- 
kreis um  den  Winkel  J^  geneigt,  .so  findet  man  die  für  diesen  Fall 
giltige  Lösung,  wenn  man  in  alle  bisher  aufgestellte  Ausdrücke 
statt  X,  y,  X  cos  ^  +  ij  sin  (^,  res[)ect.  y  cos  •P  —  x  sin  ^  einsetzt. 
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§   JX.      Melirfaclic   ]\'irhdhildiuiijcn  in  der 
Erdatmosphäre. 

Existiren  in  der  Atmosphäre  mehr  nl.s  ein  wirbelerfüllter 
cylindrischer  Raum  der  Verticalströmung,  so  wird  die  Bewegung 
der  Luft  so  verwickelt,  und  die  dadurch  verursachte  analytische 
Schwierigkeit  auch  in  den  einfachsten  Fällen  so  bedeutend,  dass  es 
bisher  gelungen  ist,  die  Aufgabe  bis  zum  gewissen  Grade  zu  lösen, 
und  zwar  nicht  einmal  strenge,  sondern  nur  unter  der  Voraussetzung, 
dass  die  gegenseitigen  Abstände  der  Wirbelgebiete  gegen  die  Quer- 
schnitte derselben  imendlich  gross  seien,  oder  was  dasselbe  ist,  dass 
die  Querschnitte  der  Wirbelgebiete  gegen  ihren  Abstand,  der  dann 
endlich  sein  darf,  unendlich  klein  seien. 

Es  seien  in  der  Atmosphäre  n  wirbelerfüllte  cylindrische 
Räume  von  gegebenem  Querschnitte  vorhanden,  gebildet  theils  von 
vertical  aufsteigender,  theils  von  vertical  niedersteigender  Strömung, 
deren  Geschwindigkeiten  durch  die  Gleichungen 

bestimmt  sind,  wo  das  obere  Zeichen  im  Fall  der  aufsteigenden 
Luftströmung,  und  das  untere  im  Fall  der  niedersteigenden  Luft- 
strömung zu  nehmen  ist.  Dabei  wollen  wir  annelimen,  dass  das 
Geljiet  der  xertical  aufsteigenden  Strömung  inuncr  mit  dem  AVirbel- 
gebiete  zusammenfalle,  und  dass,  wenn  gleich  das  (îebiet  der  nieder- 
steisrenden  Strömung;  möglicherweise  mit  dem  Wirbel"'ebiet  nicht 
zusammenfällt,  und  dieses  gegen  jenes  unendlich  gross  ist,  der 
Querschnitt  des  anticyklonalen  Wirbelgebietes  doch  noch  gegen  die 
Entfernungen  je  zweier  Wirbelgebiete  uuendlidi  klein  sei. 
Wir  beti'achten  zunächst  die  Glcichuniif 


+  -^ — l-^+^r— )  +  -Â — (-^- ,— )  +  ifC-y)J»»  +2?, sin  O.y—0 

?.r    \  l.r         ö.r  /         ?//    \  ?//  7}.r  / 
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WO  ir,  9  Functionen  von  x,  y,  t  sind,  welche  innerliulb  de.s  Wirbel- 
gebietes, dem  .r,  y  gehören,  die  ]^)edingiini;'eii 

und  avissei'halb  desselben  aber  die  Bedingungen 
AW  =  0  J9=0 

erfüllen  müssen. 

Es  seien  x^  y^,  x.,  y.,,  x^,  ij^  ?(.  s.  ir.  die  Coordinaten  eines  l^iuil-ctes 
innerhalb  des  Wirbelgebietes  1,  2,  3,  u,  s,  w.,  und,  U\,  U'„,  U^,  u.  s, 
111  und  Çi,  ç>-,>  9i  ")  ^)  "■•  clie  Lösungen  der  Gleichungen 

âVy\  =  -  (i  +  iXsin  d  MV.,  =  -  ^^  +  2A,s(«  d 

AfV^=   -  (_,  +  -IXsui  6 
oder  allgemein 

^în.=  -  C™+ -^«'«^  (85) 

und  /l9i=  +  y,  ^92=  +  yLM  ^19)3  +  ^,3 

oder  allgemein 

^?,„  =  +  y„.  (86) 

Wenn  wh*  setzen 

^v  =  t  ^y,..        9--=t  9,. 

so   befriedigen    diese    Functionen    für  jeden    Punkt    ausserhalb    der 
Wii'belge biete  die  Bedingungen 

JIF=0  zJ9  =  0 

da  diese  Gleichungen  linear  und  homogen  sind.     Für  einen   Punkt 
innerhalb  eines  Wirbelgebietes  verschwinden  in 

1  1 
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alle  Glieder,  bi.s  auf  ein  Glied  für  das  AVirbelgebiet,  iunerhalb  des.sen 
der  Punkt  x,  ij  liegt,  ao  dass  für  das  Wirbelgebiet  m 

AW-^  AW„,=  -  C,„+  2Xsm0 

A<p=^  à<p,„=  Zf  y„ 

Wir   erhalten    somit    als    Bestimmungsgleichung    für    ir„,,    wenn    n 
Wirbelgebiete  vorhanden  sind, 

IAW,„  ^  ?J;F„,/^?^"'  ^  ^?^^'"\  _^  ?JIF„,/?^"'  _  5^\ 

+  (/C  -  y)  AW„,  ±  -IX  sin  O.y,,^  -  0  (89) 

Die  Anzahl  solcher  Gleichungen  ist  n  und  reicht  daher  hin,  für  n 
Gebiete  die  Hilfsfunction  11',,  zu  bestimmen. 

Die  Ausdrücke  für  die  Geschwindigkeitscomponenten  sind  dann 
für  das  m'te  Gebiet 


ly  Ix  "  Ix  ly 

w,„  =  ±  7m-  2 
wUhi'end  für  das  äussere  wirbelfreie  Gebiet  im  Alls^emeinen 

Ti  n  II  » 

u  =  _J +       1  r  =  —  —^ 1 i 

"èy  "bx  'bx  'i>x 

w  =  0 
vorausgesetzt,  dass  die  Grenzbedingungen  erfüllt  sind 

^tn\^      ^tn-^        öi\„.      ö29,„ 
_    1  1        1  1 


(88) 


S)i„  S/ij  t)«„  S?i( 

wo  «„  die  nach  Aussen  und  «;  die  naili   Innen  des   Wirljelgebietes  m 
gezogene  Normale  bedeutet. 
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Wir  setzen 


^K  =  Y^  ff  (C»-2  ^siH  0)  lo(jp„,  ik\  dy,„ 
9,n=+^  ff  log  /),„  dx,„  dy,„ 


wo 


ist,  und  die  Integration  in  dein  ersteren  Ausdruck  über  das  Wirbel- 
gebiet, und  diejenige  in  dem  letzteren  Ausdruck  über  das  Gebiet  der 
Verticalströmung  auszudehnen  ist.     Die  Functionen 


1     "    /■/■ 
W=  j:^^  If  ^C«  ~  2^  sind)  loci  />„.  dx,,  dy„_ 

1    "  /v 

f  =Y:^11  +  y«'/J  ^'^9P,.  dx,„  dy,„ 


genügen  den  Gleichungen  (85)  (86J,  so  wie  der  Grenzbedingung  (88) 
und  ^Yenn  W„  gemäss  der  Gleichungen  (87)  für  jedes  vorhandene 
Wirbelgebiet  bestimmt  ist,  s(3  ist  die  Bewegung  der  Luft  sowohl  im 
Inneren  als  Äusseren  der  Wirbelgebiete  vollständig  bestimmt. 

Nun  vereinfachen  sich  die  Gleichungen  (87)  wesentlich  durch 
die  Einführung  der  Annahme,  dass  die  Querdimension  der  Wirbel- 
gebiete gegen  ihre  Entfernungen  zu  einander  unendlich  klein  sei. 
Wenn  wir  den  ersten  Diiferentialquotienten 

n 

-^  =  -2F?.//  (C».-2;ism  d)  H^  dx^dy^ 
betrachten,    so    sieht    man,  da  p„   in  jedem    Summengliede,   dessen 

Index  nicht  m  ist,  unendlich  gross  ist,   dass    dann  — f-^  unendlich 

°  Pn 

klein  ist,  wie Jedes    Glied,    dessen    Index    nicht    m   ist,   daher 

Pn 

Unendlich  klein  gegen  dasjenige,  dessen  Index  w  ist. 
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Bezeichnen  wir  di'    Summe  der  (fleider,   welche  den   Index   m  nicht 
haben,  mit  ii'  ,  so  (hvss  für  das  Wirbelo^el^iet  m 


'm) 
11-1 


-I     11-1     ...  

Rm  =  2:^1!  //  (Cu  - -'^s'"  0)  lo(i(^{x-.rJ'+  (!/-ijJ'  dx,„  du,. 

Die  Cüordinaten  x-^  iji,  x.,,  y.,  u.  ,s.  w.  wind  unendlich  gross,  da 
die  Entfernungen  der  anderen  («  —  1)  Wirbelgebiete  unendlich  gross 
sind,  und  da,  der  Spielraum  der  Coordinaten  .r,  y,  insofern  sie  einen 
Punkt  innerhalb  des  Wirbelgebietes  m  bestimmen,  dagegen  unendlich 
klein  ist,  so  können  wir  mit  Vfrnaehliissigung  von  unendlich  kleiner 

Grösse,  wie  —  etc.,  in  H^x,   y,  mit  den  Coordinaten  eines  gewissen 
/'i 

mitteleren  Punktes  in  dem  Wirbelgebiete  (/«)  vertauchen,  so  dass  wir 
schreiben  können 

^"'  =  2^'È  ^^9  iV{^n-o^J-'+  {:y„-y.a))ff(i:r;-'.i^sin  O)  dx,Jy,„ 

Diese  Grösse  hilngt  nun  von  ic,  y  gar  nicht  ab.  Es  folgt  daher,  dass 
innerhalb  des  Wirbelgebietes  m  überall  gesetzt  werden  können,  mit 
Vernachlässi<):unp'  unendlich  kleiner  (irösse,  wie  -^,  etc 

Ix  ô:c„.  '"  lij  a.'/,„ 

Bezeichnet  man  ferner  die  Summe  der  Glieder  in  ~^,  -^ — ,  deren  In- 
dix  nicht  m  ist,  mit  iî'„,  so  folgt  durch  dieselbe  Betrachtung,  wie 
oben,  dass  man  überall  setzen  kann 


Ix  lx,„  '"  ly,,,         Ix,, 

Diese  Grössen  ^„„  ß„„  A'„„  B'„,  hängen  von  x,  y  nicht  ab,  sind  aber 
im  allgemeinen  Functionen  von  der  Zeit,  welche  zu  ermitteln  sind, 
gemäss  der  Differentialgleichungen,  welche  wir  nocli  aufzustellen 
haben. 

Die  Gleichung  (89)  wird  dann 
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('^'~^'  "•"  ^"'  "  ^")  ^  (i^~y)àW,„  +  2^sin  e.  y„-o.       (89  a) 
Macht  man  liierin 

IF,„  =  JF:  -  (B:  -  ^J  .r  -  {^:„  -^  BJ  y.  (89  &) 

was  die  Bedingangsgleichung,  welcher   TK,„  genügt,  elienfalls  erfüllt, 
wenn  JF,',  einer  solchen  genügt,  da 

JTT,,,  -=  â  jr;  -  J  L(B;  -  ^J  .r  +  {A:„  +  BJ  »/]  =  AWl. 
ist,  so  folgt  aus  (89  a)  als  Bestimmungsgleichung  der  neuen  Func- 
tion TF4  augenblicklich 

Sf    "^    aj  V  '^y       î^-r  /      î^.'/  V  î)//       S-i'  / 

+  (  IC -t- y )  J W';„  +  2  A  sm  <?.  y,„  =  0 
Es  erhellt  hieraus,  dass  der  Einflnss,  welchen  die  Rotationsgeschwin- 
digkeit eines  Luftheilchens  in  einem  Wirbelgebiete  von  (?i—l)  an- 
deren Wirbelgebiftten  erleidet,  unter  diesen  Umständen  hinreichend 
berücksichtigt  ist,  wenn  man  IF,„  für  einen  Punkt  innerhalb  des  Wir- 
belgebietes so  bildet,  als  wäre  das  Wirbelgebiet  allein  vorhanden  und 
der  so  gebildeten  Function  ÎF,„  das  (Jlied  —  {B',^^—Ajx—(A',^  +  B„)  y 
hinzufügt. 


o 


§  X.     Lufthewecjiiwj  im  Husseren  wirbelfreien  Gehiete  hei 
mchrfacJien  I  Virhelhildungen. 

Für  das  Gebiet  der  Erdatmosphäre,  wo  die  Lufttheilchen  keine 
andere  Rotationsgeschwindigkeit  haben,  als  die  durch  Erdrotation 
veranlasste,  lassen  sich  die  Beweo^ung-en  der  Luft  auch  hier  f^anz 
allgemein  verfolgen,  wenn  sie  stationär  sind.  Die  allgemeine  Lösung 
für  ein  solches  äussere  Gebiet  ist  wieder 

n  =  — - —  cp 
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Mithin 

'^  =  — j^ —  L  ^". 

Hieraus  erhalten  wii-  als  Componenten  der  Geschwindigkeit 


7t  = 


Die  Ditferentialgleichimii'  für  die  Windbahn  i.st,  wenn  wir  .setzen 

2  X  sin  0 


K  = 


vScp,,,        ,,<.Scp„ 


woraus  folgt 

A'  (v^'  '?//  +  t'-^dA  =  y^d.  -  y'-^d,  (89  c) 

liehufs  der  Integration  dieser  (lleichung  betraditen   wir  ein  Integral 
von  der  Form 

E.s  ist 

Ix  2  Vt  Ml      Ji    S-'-.         / 

11                                             S'V               S"cp     .  ,,  , 

da  al)er  verinöw  4'-p,„  =  0,  -^r^  — :r~  ist,  so  tolat, 

•^  ö.l-  Ö7/-  '  • 

Bildet  man  ferner  ^r^  ,  so  findet  man, 

die  Substitution  der  Ansdriieke  (!)())  (91)  in  (89  c)  ergiebt 
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Mithin  folgt  durch  Integration 

^^^9m+^  ='  '-onst. 
d.h. 

i^  2  K+|[./v|^,(,,-/|;^  ,/.]  =  „„,. 

Wenn  nun  9«.  lauter  symmetri.sche  Functionen  von  x  —  x„i,  y  —  y,,,  sind, 
wo  x,„,  y„,  die  Coordinaten  eines  gewissen  mitteleren  Punkt  in  dem 
AVirbelgebiete  (m)  bedeuten,  sd  lilsst  sirh  diese  Gleichung  der  Wincl- 
buhn  in  eine  andere  Form  bringen.     Wir  setzen 

$..,^ii(./lt""-/'l:-..) 

Da  9n  symmetrisch  in  Bezug  auf  (x-x,„),  (y  —  y,,,)  gebaut  sein  soll 
so  ist 

Mithin 

:i;  ^..  -  ^/^  *.^+ä?./'^'"- = -  m/t  -t--'.«. 

Es  ist  andererseits 

È/V.*.  =  ^,//'-|ï^%.*=  -2//'^*..*=  -v/f.* 

so  i'olgr 


354  D.  KITAO 

E.S  folgt  hieraus  als  (_Tit'icliiuig  dvv  Wiinllialin 

?['-'"-l/(tr"'--^''-)]— • 

Drückt  man   die  Yariabeln    ?/,„,  .c „   in   l'olarcocinliiiateii   aus,   so  dass 

!/  -  Um  =  Pm  ■•>■'«  -'^,„       (-c  -^'„."l  =  /',„  ^-os  X„, 
so  erlüilt  iiiiiii  leicht 

Eine  particulars  Lösung  der  (ileichung  Jç5,„  =  0,  ist 

Avo  Am  eine  gewisse  Constante  ist,  welche  noch  näher  bestimmt  werden 
muss.      Es  fol<;:t  für  diesen  Fall  unmittelbar 

"  1 

Y,  Um  (K  loci  /;,„  +  -^  X,„)  =  Const. 

oder    indem    man    wieder    zum    rechtwinkeligen    Courdinatensystem 
zurückkehrt 

2]  U,„  (l<^  '"il  Vl.i-  -xj-  +  (!i-!i„y  +  ^j-  (irctiig       ~ ■''")  =  const,    (d'2) 

also    eine    transcendente    Spirale    von    ausserordentlich    verwickelter 
Natur. 

Der  Deviationswinkel  ist  auch  hier  constant,  so  dass 

,      .       2Xsin6 
tugi^-^- 

l)\e  \\  indbahmn  künnen  hiernach  gezciehnel  werden,  wenn  die 
Isod\iianicii  bckanii*"  sind.  AN  <  i  Icichiuiii'  dieser  erhalten  wir  für 
unseren  Fall 
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woraus  für  unseren  hasonduren  Fall  hervorgeht 

fß  =  -  ^K:    +   j^ j>^  //„,   /o;/  ^{ 


'(.r-.r,,,)' +(.'/-:'/„,)' 


Als  Ausdruck  fiir  deu  Dni^'V  Hndet  mm  lii'-rans.  da  die    Resiiltirende 
der  Geschwindigkeit 


?,- 


ist, 

p  =  Const.  -  fi(^^  +     ^  ^      ''J2.  ■ 

woraus  für  unseren  speciellen  Fall  hervorgeht 

p  =  Const.  -  u(^K  +   1^^— ^l'/U „,  /'-\'/.  y (.r  - .r „,)■■'  +  (y  - y„f 

die  Isoharen   fallen   deinria''h   in    diesem   Fall   mit  Lsodynninen   nicht 
zusammen. 

§  X.     Eigenheicegungen  der  IVirbelgehiete. 

Die  also  bestimmten  AVindhahnen  wie  Isodynamen,  und  Isoba- 
ren verändern  indessen  ihre  Lage  gegen  die  Axen  der  Coordinaten, 
wie  ihre  Gestalten  fortwährend.,  denn  ein  jedes  Wirbelgebiet  verharrt 
nicht  an  seiner  Stelle,  sondern  es  l)ewegt  sich  um  einen  gewissen 
ruhenden  Punkt  in  Folge  der  Luftströmungen,  welche  die  anderen 
Wirbelgebiete  in  der  Atmosphäre  hervorlnnngen.     Da  nun  .Tj  //,,  .r.,ii„_ 


sse 
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U.S.  ir.  ^vio  festf;-e.sct/.t  wurde,  einen  gewissen  nüttkren  l'unkt  je  eines 
Wirbelgebietes  bestimmen,  so  ist  nöthig  Xi  //j  x.,  //._,,  u.  s.  tc,  ah 
Functionen  von  der  Zeit  t  darzustellen. 

Behufs  dieses  wollen  wir  die  Coordinaten  .Tj  y^  elf.  so  definiren, 
dass  für  jedes  AVirbelgebiet 

wo  f?o„,  ein  (^lu-rschnittelement  des  Wirbelgebietes  bedeutet,  und  nen- 
nen di(.S'n  Tunkt  den  Schwerpunkt  des  entsprechenden  Wirbel- 
gebiele-i.  Da  nun  die  Bewegung  stationär  ist,  und  die  Grössen,  (,m, 
dco,,,  von  t  nicht  abhängen,  so  folgt  diu'ch  Differentiation 

fj-"//''C,„  -  ^^  •"■«  ^>  '?",„-//«C.  -  2Â.S'/»  Ö»  -§-  r/o„. 
Setzt  niini  liierin 

$  =  -  ^^f^'  + 1^     'y..  =  y<..-^x .:..  0 .  H  ,.„  .1.:, 

so  kommt 

=  -  -ö^V  //"(t,;,  -  2;\,  s!»  (?>  (r„  -  2?„.9(«  ö»!   U'--rJ  ^^^^    ^^^^ 
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Das  ni'te  Glied  der  ersten  Reihe  in  der  ersten  Gleichung  verschwindet, 
denn:  vertauscht  man  in  dem  »f'ton  G  Hede  x'  mit  x,  was  otFenbar  auf 
das  sdiliesslir'he  Resultat  der  Fiiteiiration  gleichgiltig  ist,  so  erhält 
man 

-  //(f,„  -  iX  sin  0)(ç:„  -  2X  sin  Ô)   ^^"'7  ""^  cZco,;,  r/co,„ 

-=//<C  -  2/.  sin  e)^,,,  -  ■2X  sin  6)   '^'' ~ '"^'"^  f?co„,  <ho,„ 
woraus  nothwendig  vervorgeht,  dass 

ff{t„,  -  2X  sin  OMC  -ix  sin  6)   ^^  ~  ^'"^  fZco,„  fZco^  =  0 

Was  das  m'te  Glied  in  der  zweiten  Keihe  anbetrifft,  so  verschwindet 
es  im  allgemeinen  nicht.  Um  zu  untersuchen,  ob  es  überhaupt  ver- 
seil winden  kann,  setzen  wir 


ß--=  f  log  p,„dci„ 


wo  die  Integration  über  das  Gebiet  der  Yerticalströmung  auszu- 
dehnen ist,  so  dass  wir  erhalten 

ff(Cn--^^sin  Ô^Ç^Y^)  do:,,  dcù',.,^  fiC-iXsin  0)  |^  do',,, 
Da  nun  aber 

SO  folgt 

hi„-iXsui  6)  — ^r-  dcj.„do,„  =  /  -^^ — j- -do,,,-  /  D.ffdo,,, 

Die  Function  Q  hängt  mu-  von  der  Gestalt  der  cylindrischen 
Gebietes  der  Yerticalströmung  ab:  sie  eideidet  kemerlei  Sprünge, 
wenn  der  Punkt  x.  >/  durrli  die  Grenzfläche  der  Yerticalsti'ömung 
hindurchgeht,    und    änderte    nirgends    iiir    Vorzeichen.       Bezeichnet 
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iiiîui  ein  Uinfaim'.-iflcineiit  dps  (^dersdinittes  des  Wirbelgebietes  mit 
dx,  die  iiacli  riincii  nfezoireiie  Norinidc  des  Uinfangs  mit  n,  so  lässt 
sieii  das  erste  (ilicd  in  dem  vorstellenden  Ausdruck  aueli  so  sehreiben 

""q  ({.»,- -^^'"  O'ico^  («•^'  <l^ 


.ß 


wo  ß,  C"  <^*'"  Wertli  von  ß  iiml  l„  nn  der  Grenzfläche  des  Wirbel- 
gebietes bedeutet.  Xun  haben  die  Lnfttheilehen  an  der  Grenzfläche 
keine  andere  lîotationsgesclnvindigkeit  als  durch  die  Erdrotation, 
hervorgerufene,  so  dass  detnn;i<'li  C.  =  "IXsin  d  ist;  das  Integral  über 
den  Umfang  des  Quers^'lmiftes  versehwinilct . 
AVir  erhalten  somit 

[fiCn-'^^^in  d)  ^'^—^  do'...  =  -  fÇi^do:,, 

Das  rechter  Hund  stehende  Integral  ist  otteidjar  eine  (rrösse  wesentlii  li 
abhängig  von  der  Gestalt  des  \Virl)elgebietcs  und  von  der  Art  und 
Weise,  wie  („,  in  dem  Wirlielgebiete  \crlheilt  ist.  Wenn  nun  die 
Grenzlinie  di^s  Wirbelgebiets  so  beschaffen  ist,  dass  dun-h  passende 
Verlegung  der  ("oordinatenaxen,  das  AVirbelgebiet  durch  x -,  res- 
pect. Î/  — Achse  in  je  zwei  \ollkonimen  symmetrische  Flächenstii<-ke 
getheilt  werden  kann,  so  dass  12  cnne  positive  symmetrische  Function 
v<m  X,  ij,  wird,  und  wenn  f„,,  welches  sein  Vorzeichen  innerhall)  des 
Wirltelo'ebietes  nielit  änderen  soll,  so  in  lîezugaafdie  Goordinaten- 
axen  \ertlicilt  ist,  dass  auch  c„,  eine  positive  symmetrische   Funetion 

von  X.  11  unil  dal\er  ^-^  wie  4-^,   für  iiositives  x,  respect.  //  i)osi(i\-  und 
•'  c.i:  oy  '  1  ■    L 

für  negatives  x,  respect.  //,  negativ  wird,  und  dem  absoluten  \\  erthe 
nai'li  o-jeicli  wird  für  das  dem  absohüc^n  AVerthe  iracli  näinliclie  x  und 
jl,  so  verschwindet  das  Integral  /ß  ^!ho'„,.  Da  die  <ileider,  die  unter 
diesen  Umständen  verschwinden 
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'*'  \        f  VI        / 

+  yJ/iC-'-^-'^i"  e)0^^f^d(ôjcô:„ 

die  Componenten  derjenigen  Ge^cli windigkeit  bedeuten,  weldie  das 
Wirbelgebiet  (/»)  .sirb  seilest  ertlieilt  bnben  würde,  wenn  es  allein  in 
der  Erdatmosphäre  exisiirte,  s(j  folgt,  das.i  ein  jedes  Wirbelgebiet 
sich  selbst  keine  fortschreitende  Bewe'i'nno-  zu  ertheilen  mai!',  wenn 
es  symmetrisch  in  Bezug  auf  einen  inneren  PiUikt  gebildet  und  die 
Rotationsgeschwindigkeit  eines  jeden  I^ufttheilchens  gleichfalls  sym- 
metrisch in  Bezug  anf  denselben  Punkt  \'crtheilt  ist.  Wenn  nicht, 
dami  wohl.  Dann  sind  -  /'q  ^  (/o,',,  und  -  /"ß  ^  f?o,„  für  jedes 
Wirbelgebiet  indi\iduelle  ( '(jntbfanten,  welche  wir  mit  a,„  und  ß,,^ 
bezeichnen  wollen,  unabhängig  von  .(„^  und  ;/„,,  also  auch  von  der 
Zeit.     Denn  setzt  man 

.1-  =  .;■,„  +  a  ^  +  /i  r/  a  =  sin  ^  ß  =  cos.  yj 

y  =  y,n  +  ß  ii      ■yi  71 

^vo  f,  T^  die  neuen  Coordinaten  sind,  und  ^  der  Winkel  ist,  welchen 
die  ^  Achse  mit  der  .r  Achse  einschliesst.  Die  Function  ß  ändert 
sich  gar  nicht,  da  pl^  sich  niclit  ändert,  und  so  auch  f,„.  Es  ist 
nämlich 

dt    ~   dt   '^  "^  dt  "^  ""^  dt  dt    "   dt    '^  '  dt        ^  dt 

oder 

"m  ==  ",„  +  a"'  +  ßv'         V  =-  (■„,  4-  ßii!  —  fxc 
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Hierau.s  fi)]gi    durch    Ditï'ereutiation,   da   »,„  und    ;•„,  von    x,  ij  nicht 
abiiätigt 

d.  h,  da  7.-  +  ß-  =  ]  it<t 

tv  'ha  ?(;'  ?«.' 

?.X'  'bl/  ?$  'bj] 


Da  ferner 


Ix    ~    ?^     ?.r    "*■    ?7?     ?.c    ~   ?5  ^7?  ^' 


so  folgt 


/■^2  If-  <f «:„  =  a/ ß  41  <^o:  +  ^. /ß  ^  ./Ol  =^ - /3„. 

was  das  oben  (iesagte  entliiUt. 

Als     Be\ve<j:uniiS2:leichiingen    fi'u-    dt'n     Scli\vcri)uid<t   des    jn'ten 
Wirbelii'ebietes  erhalten  wir  somit 


+ 


"y'J_   /yif  „.  -  ^  A  sin  6)  (C  -  2  ?,sin  6){y-  y'j  ^^^   ^^^. 


?îî.// 


m  ^^  ^^^  in 


,    ^-l^'V  y«    /TU'„r--\sind)U'-x'J  , 
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Diejenigen  für  andere  Wirbelgebiete  sind  nach  diesem  Muster 
aufzustellen. 

Die  unter  dem  Summenzeichen  stehenden  Ausdrücke  sind  als 
Functionen  von  den  Coordiuaten  zu  bestimmen,  welche  den  Schwer- 
punkt eines  jeden  Wirbelgebietes  bestimmen,  was  leicht  bewerkstelligt 
werden  kann,  da  i„,  sich  nicht  ändert,  wenn  man  die  Coordinatenaxen, 
worauf  die  Integration  bezogen  ist,  anderes  verlegt. 

Wesentlich  einfacher  gestaltet  sich  die  Sache  indessen,  wenn  wir 
annehmen,  dass  die  Querschnitte  eines  jeden  Wirbelgebietes  un- 
endlich klein  sei  gegen  ihre  gegenseitigen  Abstände.  Wir  betrachten 
zunächst  eine  Function  von  der  Form 

in.  =  -^  2  /«.,-^^sin  (?)  log  (/>,,  J  f?co„ 

wo  pnm  die  Entfernung  des  Schwerpunktesa;,,,  y,,,  im  ??i'ten  Wirbel- 
gebiete von  einem  Punkt  im  n'ten  Wirbelgebiete  bedeutet,  so  dass 

ist.     Differentirt  man  nun  IF,„  nach  .r,„,  so  ist 


Ix. 


p:,, 


Nun  ist  -'^ -àev  Cosinus  des  Winkels,  welchen  eine  den  Schwer- 

Pn  m 

punkt  des  »«'ten  Gebietes  mit  einem  Punkt  des  n'ten  Gebietes 
verbindende  Linie  mit]  der  x  Achse  einschliesst.  Ist  luin  der 
Querschnitt  des  w'ten  Gebietes  unendlich  klein  gegen  die  Entfcr- 
mung    /)„,„,    so    unterscheidet  sich  /9„„.  um  unendliches   Kleines   von 

der     Entfernung    je    zweier     Schwerpunkte,    und    '-" '"  aucli    luii 

unendlich  Kleines  von  dem  Cosinus  des  Winkels,  welclicn  die 
\  ei'bindungslinicn   zweier   Schwerpunkte   im   Gebiete   n    und    /,;    mit 
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X  Achse  einsclilies.st,  so  kann  ninii  mil  W'fiiaclilils.sii'ini'''  unendlich 
kleiner  Grus.se  hühercr  Ordmiug  als  setzen 

/mit 

wo  ,r„,  //„  jetzt  ilie  C'Donliiiiileii   de.i   Sclnvcrijunkles  im  «ten  Gebiete 
bedeuten.     Oder  indem  man  setzt 

erliält  man 

?,r,,    -   2 TT    4  ^'"        lx,„ 
Auf  u'anz  dieselbe  ^\'eise  erhält  uiau 

?,f„.  2  TT     Y         "  ^     éZ/„; 

Setzt  man  ferner 

so  erhält  man  durch  dieselbe  lîetrachtung 

?^;  ^  2F  4  +  ^"  ^"  "ï-r,,.  -       ^  ^-  2F  4  ""  ^"  '""^"^T 

wo 

ist,   demnach    den    (^)uersclniil  I    iles    «ten  Gebietes  der   Verticalströ- 
mung  bedeutet 

Betrachten  wir  andererseits  ein  Inte^Ta!  von  der  Form 


f{ç,-lXsine)''^^^^-^d(0„. 


wo  .r ,„)/,„  einen  Punkt  im  //('icu  A\'irbelgebiet,  uwA  .r„  //„  den  IS<'lnver- 
pnnkt  des  «'ten  ^\'il•be]gcbie1(•s  Iicstimnieii.  J.-l  nun  wilder /?,„  gegen 
dem  (Querschnitt  des  ///ten  (Gebietes  uncndjich  gross,  so  ist  dieses 
Integral  ersetzbar  durch 
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Es  geht  demnach  aus  dieser  Ijetrachtung  hervor  :  Ist  der  Quersch- 
nitt eines  jeden  Wirbel oebiete.s  unendHch  klein  "eg-en  die  ceo-ensei- 
tigen  Abstände,  so  ist  für  das  «'te  Wirbelgebiet 


n-l 


2  TZrfß,n--^>^^in  ö)it:,r-2X,m  0}^^^-^  '7cjJ<A,, 

1      -TT/./  /?,„ 

^"         i     '  '  Pm 


(»-1) 


^i^L  T  y„,//(?,.  -  2A, Si«  ö)  — -.r-^ (?co„ ^/io„,  =  -:j-f  Z  +  y™  <3»  — ^7^^ 

-"       1  .A/  I'm  -^      1  ÖJ„ 

17^1  +  yJ/(^n  -  2A,  sin  0)  '■"  f'"  dco„  ,ho,„  =  ^X  +  y...  Om     ,/"'" 

Mithin  erhalten   wir  als  iK'wegungsglcichungen   des   Srhwerpunktes 
des  n'ten  Wirbelo-ebietes 


o 

M   -1 


äx^  _  _l_"v  \r    \l!>0_Pj!in  _L     ^   "v  -  ,,    n    ^  ^°9  P.,^  -^  y„  t„ 

"röT  -  ~  TF  4^  ^'^"'     3j„      +  7^2.  +  y«  ''■'-      j,r„      +  5F17: 

Zwischen  den  Constanten  i)/„„  und  ■/,„  ^^,„  besteht  nun  eine  Beziehung, 
welche  uns  in  den  Stand  setzt,  diese  Gleichungen  noch  einfacher  zu 
schreiben.     Er   sei  ?!,^  die  Normale  an  dem  AVirbelgebiete  («).     Damit 


die  Grenzbedinf^ung; 


erfiUlt  sei,  muss 


öj»'  Sl^', 


3»,.  ö"„ 
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dîv  JF„  =  7i  ip„  und 

4^  =   ^'"""^"'^  cos  Ok  a-)  +    ^•^"^•"^   fos  (»„  ?/) 
on,,  /»,„  A« 

ist,  so  folgt  (lurch  Vergleich 

V  /■(?,„  -  2^sr«  <?)    ,  ,    J  T.'  V  -T-         /"  (.'/  -  y  J  /J, , 

2l  ^ — -2 {y  -  Vm)  f?w,„  =  J'^2^T  y ,„  /  — -5 —  «w„, 

1  •/  Pm  1  •'^  /""• 

Nun    (lenken    wir    un.s  in   dein    «'ten  \\'irbelgebiete  c„  so  bestinunt, 
dass 

/  />;,.  ■''       /v. 

Avo  die  Integration  rechter  Hand  über  das  n'te  Geliiet  der  Vertiral- 
stWlmung  auszudehnen  ist,  so  dass 

:4 ' /•( f „,  -2Xsin  d) (X  -  .r„)    ,       _  ,.  v.'  _         /•  (x  -  ,r,„) 


i  ••'  Pm  y       ■' 


PI 


cho,. 


4     ■'  A«  1  •'  Pill 

Da  hierin  .r, // einem  Punkt;  an  der(irenze  des  «'ten  Wirl)elgebietes 
angehören,  wo  kiuinen  wir  bei  der  Aiuialinie,  die  wir  gciiiaeht  haben, 
X,  y  iilieral]  mit  x„,  »/„  vertauschen  so  dass 

(11-1)   (7,     _  n-     \  (U-I)  (j.     „■     -V 

y  '■•^"     •^'"'  M    =  7v  V  T  V    0    ^-^' '— 

\  Pnm  1  /'n  »1 

'S'  <^^  A/^  =  7C  Y  T  7...  a.  %^ 

1  Pn  m  1  r  "  m 
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woraus  rlaim  folgt, 

Die  Bewegnngsgleichungen    des     Sclnverpanktes    werden    mit 
Rücksicht  iuif  diese  Beziehung 

dt    ~  2tt    ^   '''^"  ""       S.v,.        ^   -In    4-   +  ''"'  '"'       ?.r„        '^  ~2¥Jr,^ 


Diese  Gleichungen  lassen  sich  noch  mehr  vereinfachen.  Wir 
nennen  (his  Produkt  y,„  Q,n  die  Masse*  des  Wirbelgelvetes  vi,  indem 
wir  eine  negative  und  positive  Masse  unterscheiden,  und  setzen  der 
Abkürzung  halber  +  y„  Q,„  =  u.,„  so  dass  (^2^) 

âx^_  _K_  '»^1'        ^logp,„„       ±_  "i=l'        Moff^,.,,.         y„a„ 

(93) 

i^__ A."v //  ^^^■'^^^"-  4.  _LV  /,  ^'"^'^ -  y"^" 

dt    ~       -In  Y      "        ^-'-n  -^^    Y        "         ^'A.         ^    liTT.U,, 

lind  ferner 

K   "    " 

'f'  =  ^5^2  2  >"m  Uk  ^og  (p,„  ,) 
'•"    1    1 

Avo  die  Summation   nur  auf  eiiiiaclie  Condjination   von  ni  und  ic   zu 
beziehen  ist.     Es  ist  dann 

*  Berechtigung  zu  dieser  Benennung  liegt  in  dem  Umstände,  dass,  da  y  die  Geschwin- 
digkeit der  Luft  in  Liingeneinheit  über  der  Ei-doberfläche  ist,  "YQ  die  Luftmasse  bedeu- 
tet, welche  in  der  Zeiteinheit  durch  diesen  Querschnitt  'strömt.  Da  aber  des  Querschnitt 
des  anticykloualen  Wirbelgebietes  möglicherweise  nicht  mit  dem  Querschnitt  des  Gebietes 
der  Verticalströmung  zusammenfallt.,  und  Q  den  Querschnitt  des  Wirbelgebietes  bedeutet,  so 
trifft  diess  Deutung  des  Produktes  yQ  für  positives  y  nii;ht  zu;  es  ist  möglicherweise  grösser 
als  die  Luftmasse,  welche  in  der  Zeiteinheit  durch  jenen  Querschnitt  des  Gebietes  der  Ver- 
ticalströmung strömt. 
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yp  K{  lloqp,„   ,  I  log  p.,  „  ,     ,\        ÄiU,.'"^ 


S.r,. 


ly„  -  2n  ^"  4^   ^"'       S.r,. 

lx„         2ir    ^  ^"'      ?^„ 
}^-  Jh.  '  v"  ,,     '^^°9P„,n 

ly„  -  2ir    ^  ^"'      ?.!y,. 

Die  EiiifiiliniiiQ:  (licsor  Aus<lriii'l<o  in  (93)  ergielit  • 

«^  _  ^   ,   ^  -J-  y,.a,./U,. 
^"  '^.'/,.  ~  Si/,.       S.Î-,,  "^    ^TT  3/,, 

Die  Bewegnngsgleichiuifjen  die  Srhwcrpunktes    fiii'    jedes    einzelne 

Wirbelgebiet  erlmlt   man  liieraiis,   imUnn  man  n  —  1,  2,  3, setzt, 

so  dass  das  System  der  '2n.  Dif^Vrenlialgleichungen 

^'  ^  ~  T^  +  3.fi  "^  27r.U,        -"-   dt   "  ?,y.,  +   ?.r.,  +  27r.u:;         ''"' 

(!)4) 

^'  ^-"577  +   Î.//1  "^  27f;i/i       ^-   dt  -      du  "^  Ô//,  "^   27r.U, 

zn  inteo-rii'cn  ist,  um  die  Bewegung  eines  jeden   Wirbelgebietes    zu 

linden. 

Wenn  gleidi  nirlit  gut  miiglicb  ist,  diese  Ditterentialglcidinngen 
ganz  allgemein  zu  iniegriri'n,  sd  lassen  sich  jedoi'li  inisdnver  einige 
Beziehungen  ableiten,  «lie  \vi<hti<'-  sind.  Addirt  man  die  erste  und 
zweite  llorizontalreihe,  so  ki)iiimt 

V  .    ^.  _  y^  +  N-1^  +  V  q:  y--^>-^- 

<'. ,  ''.'/„■ i^üL  <  \'  1±  M  i'-  y-"^'"^"' 

2-  ^"'  cJt   ^        ^  Ir         ^  lu    "*"  -^  "+"    -'TTiV 
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Es  ist  nun,  weil  /9„,,,.  symmetrisch  ist  in  Bezug  auf  x,,,,  a;^.  unci  //„,  //^ 

t>  lof)  p„,k  _   _  ^  loci  P,„i.- 

<>  lofj  P,„k  ^    _    ^  ^O.f/  Pm,c 

Da  aber  in  T]  ■> — )  "'ic^  Z!  ^\ — ?  ^'^S  /'»u-    einmal    nach  .f„,,   und  ;/,„  das 

andere  j\Ial   nach   x,.   und   //,,.   difterentirt   ist,  und    die   Coefficienten 

Um    Uk    ill    Bezug    auf  die    Indices  symmetrisch  sind,    so   treten   in 

y^-r — ,  und  2  ^\ — J6  2"'^''  'îh'eder  auf,  welche  bei  gleichem  absolutem 
1    oar,„  1    cy„, 

Werthe  entgegengesetzte  \'()rzeichen  besitzen.     Mithin  ist 
und  aus  demselben  Grund 

Y  ^^.«    ^        -^  ^y 

folglich 


y  lü  =  0       y 


y^  =  o        y^  =  o 

-4-1  03'  A-i  Û1J 


V    //  '"  V    IC    yo^'^i'iUm 

4  ^'"  fft  ~  4  +    27r.U„. 

y  1^  _    y    3-    y,nß,nUm 

Zu  U,.  ^j^   -Z.+    27r.U„, 
Da  aber  //„,  von  <  unabliängig  ist,  so  kommt  durch  Integration 

t  U,n  X,.  =  t  +  ^ëff""'  *  +  ^'''"'^-      S-""'  ^"'  =  t  +  '^~fr'>  t  +  Const. 

1  1  •"'  '■"■  M  1  1  ^^■''■'m 

Wir  fassen  einen  Punkt  4,  ;j  in's  Auge,  der,  wie  folgt,  delinirt  ist 

^^U,„  =  y^  Um  •'',„  vT.  U„,=  y  Uui  Xm 

11  11 

also  ein    Punkt,  der  nichts  anderes  ist,   ;ds  der  gemeinsame  Schwer- 
punkt   aller    Wirbelgebiete,    und    in     der    Endlichkeit    liegt,    wenn 

2]  Um  nicht  verschwindet.      Die  Gleichungen    (94a)  verwandeln   Mch 
1 
sodann  in 
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i  =  J \  -  '.  t  +  ('o»..l.         n  =,  J \  ■  '.t  +  CoiM. 

1  1 

Wenn  dcnuiach  a,„  luid  /3„,  für  jci.lcs  Gebiet  nicht  verscli winden 
ixltT  wenio-stens  V  +  "^'""'"f"',     V  +  "^.r^^"'  in<lit    ver.schwinden,    so 

schreitet  der  gemeinsame  Schwerpunkt  ulier  Wirhelgebiete  geradlinig 
und  mit  constanter  Geschwindigkeit  fort.  Was  die  Richtung  dieser 
Bewesuno-  anbetrifft,  so  hängt  sie  offenbar  da^on  ab,  ob  die  Summe 
2  Um  fill"  <lie  cyklonalen  Bewegungsformen  oder  die  anticyklonalen 
oder  was,  wie  aus  der  Beziehung  (t*2(,)  hervorgeht,  dasselbe  ist,  ob 
die  rrodukteiisumme  ^yj?,,,  füi'  die  aufsteigende  Strömung,  oder 
die  niedersteigende  Strömung  überwiegt,  vorausgesetzt,  dass  a„,  und 
/3„,  für  jedes  Wirbelgebiet  positiv  ist,  was  wiederum  eine  bestimmte 
Yertheilung  der  Rotationsgeschwindigkeit  in  jedem  AVirbelgebiete 
voraussetzt.  Es  ist  daher  nicht  möglich  ohne  specialisirende  An- 
nahmen über  die  Dimension  der  Querschnitte  der  AVirbelgebiete,  über 
die  Geschwindigkeiten  der  A'erticalströmungen,  imd  vor  allem  über 
die  Vertheilun"-  der  Rotationsgeschwindigkeit  in  jedem  Wirbel- 
gebiete,  über  die  Richtung  der  fortschreitenden  Bewegung  des 
Schwerpunktes  aller  Wirbelgebiete  etwas  lîestimmtes  auszusagen. 

Zu  einer  anderen  allgemeinen  Beziehung  gelangt  man  auf 
folgende  Weise.  Multiplizirt  man  die  erste  Ilorizontalreihe  der 
Gleichungen  (94)  mit  ~^,  ^  etc,  und  die  zweite  Horizontalreihe 

mit  —rr>   —^  etc.  HD  kommt  durch  Addition 
dt       dt        ' 

L  ^"'  dt    dt    -  ^lij„,  dt    "^  ^l.v,„  dt    "^^"  '"  dt 

<■  <ht.„  f^    _         \^}±  'K,    ,     \^^(l£^  4-    Vß     ^I^ 

T  '^"'  dt  dt  '~  ""  r  ?.'•,„  <ii      r  ?.'/,„  'If      ^  '"  '/' 
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WO  zui-  Abkürziing- 


o 


3-     y,n  «».  /",;.    __     A  -^ymßmU,a    _    j. 

+     27r.1/,„     -^"'         +    27r.U„,     ^  ^"' 

gesetzt  worden  ist. 

Die  Subtraction  ergiebt  hieraus 

Da  nun  j/i  die  Bedinfjuni;: 
erfüllt,  so  ist 

ein  totales  Differential .     Die  Integration  ergiebt  daher 

const  ^'1>  +  ^I (l^  '///„. - 1£- cZj^,„)  +  J(^,„ y„,  -  -B,„ i-,,, )        (95) 

jMultiplizirt  man  die  erste  llorizontalreihe  mit  -^, -JA  etc,  und  die 

zweite  Horizonlalrt'ihe  mit  -rr-i  ^r^i  etc,  so  entsteht  durch  Addition 

dt  ^  dt  ^       ' 

Da  nun  'i'  wieder  die  Gleichung 

a-0        S-0       ^ 

befriedigt,   so  ist 

ein  totales  Ditferential.     Setzt  man  dieses  =  d  U„n  so  ist 
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I ^"'  l[dr)+[iîr)j=w+liir+7rtl^'-^--'''+^"^'^ 

AVO 

ist. 

Da  nun  iiber 

ÖÜ  folgt 

Weil  in  Folge  der  Gleicliung     (1)5) 

idt,  so  ist 

1  1    ^ 

Mithin  folgt 

+  /i,.(.'/„,-A:c„,)J 

Noch   zwei   andere  Beziehungen   lassen    sii  li    diuvli    Einführung  der 
l'ülarcoordinatcn  ahleitcn.     ]\Ian  setze 

Xi  =  pi  cos  A'i  X.2  =  p.,  cos  X.,  

7/j  =^  /jj  si«  Xo  2/2  —  A  s/m  A'o  

A'^  ^r  +  yr  pi=  Xi  +  y.r  

Es  ist  dann,  wenn  man  dies  in  die  (ijuichungcn  (1)  1)  einführt 

U,n-^sni  A,„  +  U«.  I>,n  cos  K-^  ="  "■  T^r  ^''^     '" 


.s(«A''„?7',       hiù     .     ..         ?^   <w  A„,   ,     , 
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cos  X,„  ?0        ^  l<fi  mi  A-, 

Hieraus  findet  man   dunli   AuHrisiui"'  dieser  Gleichuns'en  naeh  -~ 
und  — r:^' 

oder  indem  man  beide  Seiten  mit  /3,,  mnltijiJizirt 
dß  "b'P  "h  <// 

""'  ''-  ~df'^^.^  +  iW7.„  +  ''"'  ''*'"  ''"  ^"'  +  ^'"  ™'  '^"'^ 
u,n  Pin  --jf  =  -  ^rr-—  +  irr  +  /''"  (•■^«  ^^ä  x„,-/î  s/«  xj 

Mitliin  folgt 

i  >='.  A-  %  =^  i^  +  i:^  +  î/^„  (--f.  «-  ^.  +  ^...  "-  ^j 

Weil,  wie  Icir-hr  zu  l)e\veisen, 


^SX,„-^3X,„"-' 


nnd 


so  cilialten  wir  die  Bezielumgen 

y  U„.  /',„  %  =  i  î^"^  //,„  /«.  +  ^^  /',„  ^-r,,  sf«  X,„  +  /?,„  ra?  XJ  (OG) 

1  "■        -"    1    1  t 

2  U,.^  rJ-jf  =  -  -ö^JV  //,„  /"A-  +  Y.  /'"'  ^■■^-  ''"^  \,r-B,„sin  Xj    (97) 
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Wesentlich  eiiifaclicr  woi-don  tlic  ahjjeleiteten  Ijeziehun«fen,  wenn 
die  "Wirbelgehiete  so  i>yninietriscl)  gebildet  sind  und  c,„  selbst  in  dem 
einzelnen  AVirbelgebiete  so  synimetrisdi  vcrtlieilt  ist,  dass  J„,  und  !'>„ 
für  jedes  Tiebiet  verschwindet,  also  dass  der  gemeinsame  Scliwer- 
]ninkt  alkr  \orhaiidonen  AVirbelgebiete  8i<h  nicht  bewegt,  d.  i. 

n  n 

^  U,„  ■''•„,  =  const  y^  u„,  ij,„  =  const  (98) 

Avird.     Es  werden  dann  unter  denselben  Anijahnicn 

Dann  ^\\\\\  die  Gleichung  (90)  integrnbel,  so  class 

n  1      n     n 

1  'l     1      1 

lind  die  (Jleichung  (97)  kann  dann  auch  so  geschrieben  werden 

2  UuJpläx  =  -  ^Èi  U,„  U,r  t  +  const.  (101) 

eine  Gleichung,  Avelche  nichts  anderes  ausspricht,  als  den  FlJudiensatz, 
dass  die  algebraische  Summe  der  von  allen  Leitstrahlen,  wclclie  je 
zwei  Schwerpuidvte  mit  einander  verliindcn,  in  der  Zeiteinheit  be- 
schriel)enen  Flüchen  multiplizirt  mit  der  iMa-iscn  drr  \Virbelgebiete 
von  der  Zeit  nicht  ahhiüigt. 

Wenn  nun  in  der  Atmosphäre  nicht  mehr  als  drei  Wirl)elgebiete 
vorhanden  sind,  so  lässt  sich  die  Aufgabe  dem  Trim-ip  na<h  auf 
(Quadraturen  zurückführen,  wie  in  dem  Fall,  wokeiiu;  ^'erticaIströ- 
nuuig  vorhanden  ist,  luid  auf  die  Wirl)el beweg ung  der  Fhissigkeit 
die  Erdrotation  nicht  ablenkend  wirkt,  weil  die  Beziehungen  (98) — 
(101)  schon  vier  Integrale  der  Bewegungsgleichimgen  darstellen. 
Allein  ;   da   die  Beziehung   (99)   nicht   algebraisch    und   die    Zurück- 
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finirung  der  Aufgabe  auf  Quadraturen  «lalier  practisoh  nicht  möglich 
ist,  wollen  wir  uns  lediglich  auf  eingehendere  Betrachtung  des  Falls 
beschränken,  wo  nur  zwei  cylindrische  Wirhelgeliiete  von  sonst 
beliebigem  Querschnitte  vorhanden  sind. 

Wir  nehmen  zunächst  an,  dass  die  Summe  U\  +  /Zs  nicht  ver- 
schwinde. Dann  ergiebt  sich  aus  der  Gleichung  (98)  unmittelbar, 
als  Coordinaten  des  gemeinsamen  Schwerpunktes  der  beiden  Wirbel- 
jxebiete 


ö 


/Zi a-1  + //g a-,  ^  U\V\-V  Uilh  ('10'^') 

5  und  7?  ändert  sich  nicht  mit  der  Zeit. 

Wir  führen  die  Polarcoordinaten  ein,  so  dass 

^1  =  Ih  ^os  -^1  Vi  =  A  *''^  \ 

X.,  =  p.,  cos  X,  y-2  =  p.,  sin  X» 

so  verwandelt  sich  (102)  in 

e  (i  +-^\  ^  ,;.  cos  X,  +  -^  p,  cos  X., 

11  (\  -\ \=  P\  sin  X,  -\ po  sin  X., 

V  Ui/  Ui 

Bisher  war  der  Anfangspunkt  der  Coordinatenaxe  willkürlidi. 
Verlegt  man  denselben  jetzt  in  den  Schwerpunkt  der  beiden  Wii'bel- 
gebiete,  so  ist,  da  ^  und  jj  endlich  ist 

/>!  cos  Xi  -] p.,  cos  Xo  =  0 

p,  sin  X,  H /).,  sin  Xo  —  0 

Diese  beiden  Gleichungen  sind  nur  daim  gleichzeitig  zu  befriedigen, 
wenn 

Xi  =  X,  (103) 

Nun  ist  nach  (100) 


374  D.  KITAO 

Ans  dieser  und  der  Gleichung  (lOi)  ergeben  sieli 
Pf 


./  =  /— ^^4 — ;•  «  +  C'o«s«.        =1-—^^ — -.  t  +  pl      (105) 

'  V  7r(>Ui+  //.,)  V7r(/Ui+//o)        '-      ^        / 

^\o  /7pi  /)„„  die  Entfernungen  der  beiden  Wirbelgebiete  von  dem 
gemeinsamen  Schwerpunkte  zur  Zeit  /  =  0  bedeuten.  Die  beiden 
Wirbelgebiete  müssen  sich  demnach  von  gemeinsamen  Schwerpunkt 
entweder  entfernen,  oder  näheren,  je  nachdem   (Ui+Uq)  positiv  oder 


negativ  ist. 


:\[it  Riicksiclit  auf  (104)  folgt  aus  (101) 

uJpi'  OiX,  +  '^'^fp^d  X,  =.  -  A  ^,  ^^,  t  +  comt. 

d.i. 

fpl  d.\,=  -  .,     ^^ '^l      ■  t  +  const. 

Difterentirt  man  dies  nach  \'i  und  eliminirt  p^  ans  (105),  so  folgt 

K  u"-        dt         /        u''  \ 

—  T — — r  ^^  =  { — t  +  ronst.  ) 

•l-tr(u^+ fi.^  dX^       \K[Ui+Uê  / 

Hieraus  findet  man  durch  Integration 

X,  =  Const. —■  loq  ( ^ /  +  p:.A 

oder  indem  man  die  willkürliche  Constante  ändert,  erhält  man 
X,  =  Comt.  -  -4-  W  r ^ (--)'  t  +  ll 

Setzt   man   ferner  in   (101)  p^^^  —  -^p.,  ein,  so  folgt  wieder 

X.,  =  const  -  4  log  [ ^f— Y<  +  ll 

Da    nun     a"  =  (-^-^Y/v,  mithin  au.  h  (-^V^  (^V  ist,    so   folgt   in 
der  That 
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Xi  =  X, 

d.  h.  die  Gerade,  welcln'  diirdi  den  gemeinsamen  Schwerpunkt  der 
beiden  ^Vivbelgebiete  hindiircli  gehend  ihre  Scliwei'[)Uid-:te  mit  ein- 
ander verbindet,  rotirt  inn  den  gemeinsamen  Schwerpunkt  mit  der 
Winkelgeschwindigkeit 

dXi  K 


^'  -Vt^.flin.^n:^  (107) 


^[«  + vr^(Xi,+  ^,)] 


Is^t  demnach  {Ui  + u-^  positiv,  so  nimmt  die  Rotationsgeschwin- 
digkeit allmälig  ab,  — ist  {Ui  +  ß-^  dagegen  negativ,  so  wächst  sie  nach 
und  nacli  und  wird  unendlich  gross  nach  dem  Verfluss  der  Zeit 
7rf  — j  {(ii  +  iio)}  \V()  dann  so  wohl  pi  als  p-i  unendlich  klein  ist. 
Da  X  in  dem  Sinn  wachsend  genommen  werden  muss,  in  welchem 
eine  Gerade,  um  den  rechten  Winkel  gedreht  werden  muss,  um  aus 
einer  Lage  parallel  der  positiven  x  Achse  in  die  Lage  parallel  der 
positiven  y  Achse  zu  gelangen,  d.  h.  in  dem  Sinne  der  Erdrotation, 
da  ja  die  positiv  x  Achse  gegen  Süden,  und  die  positive  y  Achse 
gegen  Osten  gekelirt  ist,  so  drehen  sich  beide  Wirbelgebiete  auf  der 
nördlichen  Hemisphäre  mit  der  Sonne,  da  ~j~-  negativ  ist,  wenn 
{Ui  + U-:)  positiv  ist   und   wenn   (Ui  +  U.)    hingegen    negativ   ist,   (jegcii 

7  Y 

die  Sonne,  da  ,  '  dann,  positiv  ist,  wahrend  sie  sich  gleichzeitig  ent- 
fernen respect,  näheren,  mit  der  fürt  während  abnehmenden,  respect. 
zunehmenden  Geschwindij^keit 


dpi  _    1         U2 \ 

dt    ~  iir  (yUi+z/o) 


'J  TV(uUu-2)  *'^^"' 


dp,  _  1  Ui 


(107,) 


dt  27r   (Ui+U-2^ 


)  *  +  pâ 
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je  nachdem  iUi  +  U.!)  jiositiv   oder    negativ    ist.      Auf  der   .südlichen 


7  V 

Hemisphäre    ändert     ~.  -    iiir     ^'ûr7.ei(■llcn  ;    .sie    wird    jwsitiv,    da 


K —. für  ^  d  negativ  wird,  wo  es  auf  der  nördlichen  Hemi- 
sphäre ne^rativ  ist,  und  umo-ekehrt.  Es  drehen  sieli  dalier  auf  der 
südlichen  Hemisphäre  die  beiden  Wirbelgehiete  um  den  gemeinsamen 
Schw^erpunkt  fjefjen  die  Soinie,  wenn  [jj.^  +  p,^  positiv  und  wenn  aher 
(U1  +  U2)  negativ  ist,  mit  der  Sonne.  Die  Kotationsrichtung  der  beiden 
Wirbelfifebiete  wird  also  die  entg'eaenffesetzte  \\ie  auf  der  nördlichen 
Hemisphäre,  während  die  Uirlitung  der  radialen  lîewegung  dieselbe 
bleibt.  Da,  wenn  die  beiilen  Wirbel ofebiete  von  vertical  aufsteinjender 
Strömiino:  uebildet,  und  daher  von  evklonalen  IJeweffuno-sforinen 
erfüllt  sind,  Ui  +  U2  negativ  zu  setzen  ist,  und  da  ferner  diese  Summe 
positiv  ist,  wt'nn  die  beiden  AVirbelgebiete  von  vertical  nieder- 
steigender Strömung  gebildet  sind,  und  die  Luftbewegung  in  ihnen 
daher  im  anticyklonalen  Sinne  vor  sieh  geht.,  so  gelangen  wir  zum 
folgenden  Satze.  liildcii  sicJi  inji'udivn  in  der  l'^rdatinospliäre  zivci 
Ciilloncii,  Sil  näliiu n  sie.  sirli  fif(jcnsrilifj,  indem  sie  im  cijldunaJen  Sinne 
nin  einen  hestiinmtea  rnliemleii  Punkt  rotiren,  irälirend  ;:irei  .iiit/ei/klnnen 
sieh  hinijeijen.  von  einander  entfernen,  indem  sie  im  antieijhlonalen  Sinne 
um  einen  bestimmten  l'nnLt  roliren. 

Die  Tat".  XX^'1  mag  den  Verlauf  der  liewegungsbalmen  der 
beiden  Wirbelgebiete  iVu-  nördliche  Hemisphäre  veranschaulisclien 
lind  zwar  in  dem  speciellen  Fall 

±  Ui-'  ±  Ui 
aret  K  =  85° 
Die  lîahiieiM'vt'n  sind  logarithmische  Spiralen.      Denn  es  ist 

'"'('"*"  iù)./^'  dX,=  ~  ~ui  U^  t 
Da  aus  (105)  folgt 
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A,(i  +^)/'r  -  A^i^^ 


TT 

NO  wird  die  obenstehende  (ileicliiino: 


,/' 


Die  Differentiation  dieses  ergießt 

Hiernus  fol^jt  durch  Tnteo^rafion 

Anf  ganz  diesell)p  Weise  findet  ni;in 

p.,  =2  C^eir'^i 

wobei   es     noch    l)einerkt     werden    mag,    (hiss    X^   In-'i  anticykloualen 
lîewegungsformen  negativ  gesetzt  werden  niiiss. 

Wir  haben  bisher  vorausgesetzt,  dass  /^,,  ^u,  einerlei  ^'orzeichen 
iiesitzen.  Haben  diese  Grössen  verschiedene  Vorzeichen,  so  dass  das 
eine  Wirbelgebiet  cykh»nal,  vind  das  andere  anticyklonal  ist,  so  tritt 
entweder  eine  cvkionale,  oder  anticvkionale  Dreliunsr  der  beiden 
Wirbelgebiete  um  den  gemeinsamen  Schwer|)urdct  ein,  je  nach  dem 
Sinne,  in  welchem  die  eine  von  den  beiden  (iriissen  /u^,  ju.,  die  andere 
überwiegt.  Der  Schwerpuidct  der  I)eiden  Wirlielgebiete  liegt  dabei 
auf  der  Verlängerung  der  fJerade.  welche  die  Schwerpunkte  der  beiden 
Wirbelgebiete  mit  einander  verbindet.  Indem  die  beiden  Wirbel- 
gebiete sich  allmälig  näheren  oder  entfernen,  beschreiben  sie  um 
diesen  Punkt  Spira!b:ihnen.  welche  entweder  cyklonal  oder  anti- 
eyklonal  gewunden  ist,  je  nachdem  die  Masse  des  cyklonalen  Wirbel- 
gebietes diejenige  des  anticykli malen  Wirbelgebietes  überwiegt,  oder 
das  Umgekehrte  stattfindet. 
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lliilicii  di(>  Tnxliikte  Ai  und  ;u„  gleiflien  aber  ontgegengcsotzten 
Werl  h,  SI)  (las.s  ui\  +  Ui  verschwindet,  was  auch  geschehen  kann,  so 
ri'nkt  <lcr  gemeinsame  Seh\ver]iunkt  der  beiden  Wirbelgebiete  in  die 
l'n.-ii(lii(hk('ir.  So  wohl  /',  als  Pi  wird  dann  unendlich  gross,  mithin 
auch  />ui,  /',„. 

Um  auch  diesen  l)esonderen  Fall  zu  erledigen,  bemerken  wir, 
dass,  wenn  wir  uns  die  (irösse  {^U\  +  U-^  zunächst  unendlich  klein 
deidvcii,   Ç,   7?,  mithin  auch  A,   /'2,   vermöge  der  Gleichungen  (102) 

uuendlicli   2;ross  von   der  Ordnunjir werden,  wenn   (.r, — x,) 

und  (vi  —  //.j)  endlirh  ist,  was  der  Fall  ist,  wenn  der  Abstand  der 
beiden  AVirbelgebiete  ein  endlicher  ist.  Wir  denken  uns  nun  den 
Anfangspunkt  der  Coordinaten  in  die  Unendlichkeit  \erriickt,  und 
bilden  die  Differenz  /'i  —  /',  aus  (105)  (106).  Es  ist,  da  vermöge 
(104)  A  dasselbe  Vorzeichen  haben  muss  wie  pi^ 


Dies  ist  endlich  und  zwar  gleich  dem  ursprünglichen  Abstand  der 
Schwer])indcte  der  l)eiden  Wirbelgebiete. —  Demi;  da  (/"i  +  A-j)  pl\ 
(^Ui  +  P-.)  pM  der  obigen  Bemerkung  zu  Folge  unendlich  gross  ist,  wie 
r,  so  wird  bei  verschwindendem  (u\  +  U:) 

Pl-    PZ  =  PA-    P,^2  (1^7.) 

wie  es  oben  behauptet  wurde. 

Der  Abstand  der  Schwerpunkte  der  beiden  Wirbclgebiete,  wel- 
chen wir  mit  r  bezeichnen  wollen,  ändert  sich  also  nicht  mit  der  Zeit. 
Die  Winkel<'-eschwiiidii:-keit,  mit  welcher  sich  die  bci.len  Wirliel- 
gebiete  um  den  unendlich  fernen  Schwerpunkt  dreht,  ist  dabei  unen- 
dlich klein  ;  die  Geschwindigkeit  aber,  mit  welcher  die  beiden  Wir- 
belgebiete l)ei  unverändertem  gegenseitigem  Abstände  in  der  Atmo- 
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Sphäre  fortschreiten,   i.st  endlicli.      Es  ist  nämlich,  wie  die  Uleichung 
(107)  ;mcli   so  gescliricbeii    \ver(h'n  kann 

rfXj  Kßl  1 


dt  -Tr/>.:i{Ui+U-^(i    ,  u! 


Die  Grösse r-r^ ^   i«t   ii^"i  uueiidh'rh   klein   wie   (x^i  +  /Uj).      Es 

kann  daher  Lei  verschwindendem  (Ui  +  U-.^  gesetzt  werden 


so  dass 


TT/J.rifXii-i-XZ,,) 


oder  mit  Vernachlässio'nno;  unendUch  kleiner  Grösse  höherer  Ordnungr 


dt  '2rpJ^(ui  +  Ui"! 

voraus  dann  als  Fortschrei tiiiiLi'sii'esehwinthi'keit  foh't 

(iX^ Kß.f 

f'"'  dt    -       27r/y„i(/zi+^,) 

Auf  ganz  dieselbe  Weise  linder  man 

Die  Drehungsgeschwindigkeit  ist  also  constant,  und  endlieh 
da  lim  [p„i  iU\+  U^\  lim  [/?„2  (U\  +  Ui^],  endlich  und  ci)nstanl  sind.  Wir 
setzen 

'f'"  [/J.,1  {U\-^  Uf\  =  lim  [M,.  (/Zi+/z,)]  =  C. 

Dass  diese  beiden  (n-össen  gegen  einen  nnd  denselben  Grenzwerih 
convergiren,  ersieht  man  daraus,  dass  die  Einfiihruni^-  der   ISeziehimg 
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Pi<\  =  r  +  p.,.,     ill     /iw  [/>„i  (//1  +  //2)]    sufort    Um  [i)„„(U).-¥ U-^]    zur    Folge 
hat,  il:i  lim  r  iUi+Uj)  =  "  i^I.      Wir  crliMJIuii  .^oiiiit,  ila    Ui  =  —  U-2  i;^t 

so  dass 

>"  +  '•■.,.■§  <"  =  -^-'.  (108) 

Dif    Gleicluuigeii    (107^)    können    I'iir    nnscTi,ii     l'";ill     auch     !>o 
geschrieben  werden 

'M  ^    1  ^r         Tj Ali "1 

J____jil___  Pi älL—-~\ 

27r  (/ii+AaVoa   L  2Tr(7ii+/z,)/V.J 


(Z^_    1 
dt 


oder  mit   Vernachlässigung   von   unendlich   kleiner  Grösse    höherer 


Ordnung 


dt        dt        liTT.C. 


Die  beiden  Wirbelgebiete  können  sich  demnach  mit  constanter 
Geschwindigkeit  parallel  der  Gerade  Ijewegen,  welche  ihre  Schwer- 
punkte mit  einander  verbindet,  ohne  ihren  Abstand  von  einander  zu 
ändern. 

Es  ist  leicht  C  zu  beslinnmii.  ])ie  (iicichung  (101)  \ erwandelt 
sich  für  unseren  besondiTiii  Fall 

ußp^-r^}'§dt=+^.t.  (109) 

Es  ist  nach  (105)  (IOC) 

PÎ-  —  PI  =  p,l  -  p,^=  (p,<i  "  P<--)  ip><\  +  /"..ä) 
oder  mit   lüicksiiht  auf  (107,,) 

PÏ  -  /V  =  r  (/>„!  +  A.2) 
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so  folgt 


Ku{ 


27r 


Diirch  Vergleich  dieses  mit  (109)  ergiebt  sirli.   Ui  als  ])(j.sitiv  voraus- 


gesetzt 


Wir  erhalten  soiiiiL  als  Coinnonenteii  der  (  ie.sehwindiokeit 

i  o 


dX. 
P"'  dt   -" 

"^  47rr 

dt    ~ 

47rr 

^1 


Die  beiden  Wirbelgebiete  bewegen  sich  demnach  geradlinig-  und  zwar 
in  einer  Richtung,  welche  mit  der  Verbindungsgerade  ihrer  Schwer- 
punkte einen  Winkel  einschliesst,  dessen  trigonometrische  Tangente 
=::  K  ist  und  zwar  im  cyklonalen  Sinne  abgelenkt  von  der  zur 
Verbindungsgerade  der  beiden  Wirbelgeiiiete  senkrechten  Richtung, 
da /?io-T-Mur  die  nördliche  Hemisphäre  positiv,  und  ;f'ür  die  südliche 
dagegen  negativ  ist.  Die  beigefügte  Figur  veranschaidicht  die 
Fortschreitungsrichtung  der  Wirbelgebiete  in  dem  in  Rede  stehenden 
Fall  für  die  nördliche  Hemisjjhäre,  wo  S  die  Richtung  bedeutet,  in 
der  der  gemeinsame  Schwerpunkt   in   (uiendlicher  Feriie  liegt. 
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Es  verdient  ferner  der  Fall  eine  Ix'.sondere  Ptetniciituiiir,  wo  die 
eine  \iin  den  Ixidcn  (  irilsscn  Uu  Uj  .liegen  die  andere  nnendlieli  gross 
wird;  sei  es  nun.  wtil  die  Geschwindiiilceit  der  \  erliealströniLin";  in  dem 
einen  (ieliiete  gegen  dieienige  in  dem  andi-ren  Geljiete  unendlich  g'i'oss 
ist,  oder,  weil  der  Querschnitt  des  einen  gegen  denjenigen  des  anderen 
Gebietes  unendlich  gross  ist  ;  ein  Fall,  der  uns  in  den  Stand  setzt, 
ungefähr  zu  l)eurtheilen.  welchen  F^intluss  ein  \\'irlKlgebiet  von  sehr 
grosser  JJiniension  auf"  ein  in  seiner  XiUie  betindliehes  Wirbelgebiet 
von  geringerer  Dimension  ausübt. 

AVir  nehmen  an:  U'  sei  unendlich  L;ri>ss  gei>'en  Ui-  sodass  — - 
unendlich  klein  ist.    D'w  Glei(  hung  (l(i-)  wird  unter  diesem  Umstände 

Das  Wirbelgebiet  '2  bewegt  sieh  gar  nicht.  \'erlegt  man  den 
(,'Oordinatenanfang  in  diesen  ruhenden  Punkt  in  dem  Wirbelgebiet  2 
so  verschwindet  fj.      Die  (ileichungen  (100)  (101)  rcduciren  sich  auf 

Ui  pi  = Ui  Ui  f  +  Consl. 

K 


pi'dXi  =  —  ^—  Ui  U:  I  +  Const 


Nennt  man  den  Werth  \  on  /'i  für   ^  =  0    wieder/',,!,   so   folgt    aus  der 
ersten  Gleichung  sofort 


und  aus  der  zweiten  mit   Kücksicht  auf  dieses 

K 


/(^  +  /'..i')^'^i  ^  -  :^U2t  +  Const 


Dilferentirl  man  dieses  nach  X,,  .-,0  kouuut. 

dXi A'//o 


dl 


^^Ct  *  '■•<) 
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llicrnns  folot  dnrcli  Tntoîrratioii 


Xj  =  const —  log  (  /j,,;  -\ —  j 


]>ei  der  l'ewegung  des  Wirbelgebietes  1  in  dem  vorliegenden  Fall 
koiiinit  also  gar  nicbts  darauf  an,  ob  dasselbe  cyklonalen,  oder 
antioykbinalen  Wirbel  entbillt,  sie  wird  lediglirli  bestimmf  din-ib 
den  liotationseharakfcr  des  doininirenden  Wirbelgebietes.  Tst  dieses 
cvkbmal.  so  nährt;  sich  das  Wirbelfjebiet  1  dem  Wirbelsrebiet  2  mit 
stetisf  wachsender  Gesch\vin(lii>keit,  indem  es  Sfleichzeitisf  dasselbe  mit 
stetisf  wachsender  Geschwindiukeit  umkreist.  Ist  hingegen  das  Wir- 
belarebiet  2  antievklonal,  so  ciitferiit  sich  das  Wirbelsjebiet  l  von 
demselben  mit  stetig  abnehmender  (Jesch windigkeit,  es  gleichzeitig 
mit  stetiii'  abnehmender  Geschwindiokeit  umkreisend. 

Die  Bahncnrve,  welche  das  Wirbelgebiet  1  um  das  Wirbelge1)iet 
2  beschreil)t.  hudct  man  leicht.     Es  ist,  nämlich 

/'i   -  Pol  = 


TT 


Hieraus  folgt  dnrcji  Elimination  vmi  t 

r  K 

Die  Differentiation  ergiebt 

äpx 


p,  =  -K 


dX, 


wobei  X  negativ  in  I'echnung  gebracht  werden  muss,  wenn  ß.,  positiv 
ist.      Das  Integral  hiervon  ist 


pi  =  C  e    K 


'   X, 
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Das  Wirbelgel)iot  1  l)0.scliroil)t  niso  fine  Idonritluiiisflio  Spirale  ma 
lias  siiper])i)ii(liren(lt'  Wirlielgcbic;!,  wt'li'lut  eut  weder  nadi  Innen  oder 
naeli  Aussen  gewunden  ist,  je  narlideni  das  unbewegliche  Wirbel- 
gebiet evkifinale  oder  aiitieyklonale  P>ewegungsfi innen  besitzt, 

>5    A7.       Vcriiiidmuiij  di'r  WimJricJüinKj,  (Irr  Wiiiihliirlr  iiiul 

lies  Liithlnicl,--'.  l'ilr  riiirn  iji'iji'lu'nrti  iiiissiTrii   l'iiiilt  hfi 

:irii'f(ii-lirr  W'irhrlliil'hiiiii. 

Ms  liisst  iiiHi  soniii  im  Allgeineiiieii  übersdiauen,  wie  die  Iso- 
dynanien  also  aueli  Isuliaren  mir  der  Zeit  \ on  (  )rr  zu  Ort  fortrü- 
cken, indem  sie  gleielizeilig  ihre  tJestaUen  iindern,  wenn  zwei  Wir- 
belgebiete in  der  Atmosphäre  .sieli   gel)ilder   haben. 

Wenn  lieide  Wirbelgebiete  cykhmale  liewegungsformen  haben, 
so  dass  die  Linie,  welche  den  Centraltheil  der  Wirbelgcbiete  mit 
einander  verbindet,  sich  im  cvklonalcn  Sinne  um  eiiu'ii  unlieweglich 
zwischen  den  lieiden  ^\'irb(•lgcbieten  liegenden  l'iiid'it  drelit  und 
ffleichzeiti«"  sich  zusammenzieht,  so  muss  sich  das  (  urvensystem 
der  Isodvnamen,  [welclies  in  diesem  |'';dl  erstens  aus  einer  Schaar 
jedes  Wirbelgebiet  umschliessemU'r  < 'ur\  en,  zweitens  aus  einer  lem- 
niskateniihidii-hen  ("urxc,  uml  drittens  wieder  aus  einer  Schaar  gesch- 
lossener Curven  bestehen,  welche  hcide  Wirbelgebiete  einschliessen] 
mit  del'  Zi'it  so  ändern,  dass  di(>  Linie,  welche  dit'  l'uidvte  dei-  Druck- 
minima  mit  einander  \erbindet,  sich  alhniilig  um  einen  festen  INnd<t 
im  cvkionaien  Sinne  dreht,  wälircml  sie  sich  gleichzeitig  zusammen 
zieht,  s<i  lange,  bis  das  ( 'lu'vensystian  sidi  in  ein  einziges  System 
concciil  i-ischcr  Ki'cise  verwandeil.  Wenn  die  lieweginigsiormcn  in 
beiden  W'irhelircbieteii  anl  icvk  hmal  sind,  also  dass  die  \  erhindungs- 
linie  der  ( 'cnti-ahlieile  der  Wirhelü'eliietc!  um  einem  gewissen  festen 
Punkt  dreht,  indem  sie  sich  fort  wahrend  ausdehnt,  so  wandern  die 
Isoilvnamen   enllaim'   der   l*]rdohcrfläcb('   im  anticvklonalen  Sinne  um 
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einen  gewissen  festen  Punkt,  welcher  auf  der  Verbindungslinie  zwi- 
schen den  beiden  Wirbelgebieten  liegt,  und  breiten  sich  immer  weiter 
aus,  SU  lauge,  Lis  sie  sich  in  zwei  Systeme  geschlossener  Curven 
aufgelöst  haben. 

Haben  die  beiden  Wirljel^'ebiete  ^deiche  aber  ento-enjresetzte  Mas- 
sen,  so  wandern  die  Isodynamen  entlang  der  Erdoberfläche  geradelinig 
mit  constanter  Geschwindigkeit  im  Sinne  der  cyklonalen  Bewegung, 
ohne  ih.re  Gestalten  zu  ändern,  da  die  Verbindungslinie  der  Central- 
theile  der  beiden  Wirbel oebiete  sich  mit  der  Zeit  nicht  ändert.  Wenn 
die  beiden  Gebiete  hingegen  entgegengesetzte,  aber  ungleiche  Massen, 
haben,  so  dass  die  Gerade,  welche  die  Centraltheile  der  beiden  AVirbelge- 
biete  mit  einander  verbindet,  indem  sie  in  dem  Sinne,  Avie  die  eine  Masse, 
die  andere  überwiest,  um  einen  auf  ihrer  Verlänsferuno-  lieofenden 
l*unkt  umkreist,  mit  der  Zeit  sich  ausdehnt  oder  zusammenzieht,  so 
breiten  sich  die  Isodynamen  in  die  Unendlichkeit  aus,  oder  ziehen 
sieh  allmälig  zusammen  in  ein  System  geschlossener  Curven,  indem 
das  Curvensystem  um  einen  auf  cier  ^'erbindungslinie  der  Centraltheile 
der  Wirbelgebiete  liegenden  Punkt  rotirt  im  anticyklonalen  oder 
cyklonalen  Sinne,  je  nachdem  die  ]\Iasse  des  anticyklonalen  Gebiete 
diejenige  des  cyklonalen  Gebietes  überwiegt,  oder  umgekehrt. 

Ist  schliesslich  die  Masse  eines  Wirbelgebietes  unendlich  gross 
gegen  diejenige  des  anderen  Wirbelgebictes,  so  dass  das  eine  Wirbel - 
gebiet  sich  gar  nicht  bewegt,  so  drehen  sich  die  Isodynamen  allmälig 
um  das  unbewegliche  Wirl^elgebiete  im  cyklonalen  oder  anticyklonalen 
Sinne,  während  sie  sieli  nach  und  nach  in  ein  System  geschlossener 
Ciu'ven  zusamnieiizielien,  oder  sicli  in  die  Unendlichkeit  ausbreiten, 
je  nachdem  das  superpondirende  Wirbelgebiet  cyklonal  oder  anticy- 
klonal  ist. 

Dem  entsprechend  änderen  die  Windbahnen  ihre  La"-e  gegen 
die    Co(jrdinatenaxen,    wie    iiire    Gestalten,     unaufhürlich     mit    der 
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Zeit  ;  der  Wind,  welcher  über  einem  Ori;  weht,  wecliselt  seine 
Ivichtiin":  unauso'esetzt  und  zwar  auf  eine  .solclie  Weise,  dass, 
iiuso;enoninien  den  Ort,  iil)(>r  welchen  l'Jiis  der  AVirlielo-ehiete  ü'erado 
hinwegschreitet,  die  W  iiidrirhtiui^^  immer  mit  der  Normale  der  Iso- 
dyame,  welche  gerade  durch  den  gegebenen  Ort  geht,  den  constanten 
Wiid-cel  arct.  K  einschliesst.  Wie  die  Windrichtuno-  verändert  sich 
so  wohl  die  Windstärke,  als  der  Luftdruck,  in  einem  »egebenen  Ort 
fortwährend  mit  der  Zeit,  und  zwar  so,  dass  die  A'crtlieilung  diT 
Maxima  und  Minima  der  Zeit  nach  durchaus  versi'hiedeu  ausfallen 
muss,  je  nach  der  Lage  des  gegebenen  Ortes  in  Bezug  auf  den  ge- 
meinsamen Schwerpunkt  der  beiden  Wirbelgebiete. 

So  verwickelt  die  Gesetze  auch  sein  mögen,  gemäss  denen  die 
Veränderung  dieser  drei  anemometrischcn  Faktoren  in  einem  gege- 
benen Orte  von  sich  geht,  wenn  zwei  Wirbelgebiete  in  der  Nähe 
desselben  sich  entwickelt  haben,  so  lassen  sich  Ausdrücke  dafür  ali- 
leiten,  und  ohne  jede  Schwierigkeit,  wenn  die  Wirbelgebiete  eut  weder 
kreisförmig  begrenzt  oder  liei  beliebig  gestalteicm  (^hierschnitfe  unen- 
dlich klein  sind  iix'uvn  ihren  Abstand  vnm  gegebenen  Ui-I. 

Es  sei  w  das  Azinuifli  der  Windrichtung  zur  Zeit  t,  iu  der 
Eichtunc  "■ezählt,  in  der  eine  Gerade  aus  einer  \,iy<xa  narallel  (U'r 
positiven  x  Achse  (parallel  dem  ^[eridian)  um  \)0^  gedreht  werden 
muss,  um  in  die  Lage  parallel  der  positiven  y  Achse  (parallel  dem 
Parallelkreis)  zu  gelangen.  Es  seien  x.  y  ferner  die  ( 'dordinaten  des 
gegebenen  Ortes  in  Bezug  auf  ein  Axensystem,  dessen  Anfangsjyunkt 
noch  passend  gewählt  werden  kann.  Die  (deichung  dur  Wiiidl)ahn, 
welche  zur  Zeit  t  durcli  dii'scn  Ort  geht,  isl  in  unserem  specii'llen 
Fall,  wenn  wir  uns  die  beiden  ^\'irl)elgebiete  kreisförmig  begrenzt 
oler  den  (Querschnitt  der  Wirbelgebiete  gegen  die  Flntfenunig  des 
Ortes  Villi  densellx'U  sehr  klein  denken 
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Klijog  p[  +  K  ij,.,loçi  p'.,-\-  Uicrct.  V  ;^'  }y\-  Uinrct.  (~ — ~-j  =  const. 

oder,    indem   wir   — '- =  ?h    setzen,    nnd    iilier   die    willkiirlielie    Con- 
si- 
stante passend  verfügen 

K  mloi'f  p'  +  K  lofj  ß.,'  +  III  arefl-  — M  Jj-arctl' -]  =  const. 

wo 

Pi  ---=  V'(.f-.ri)-+(.!/-//i)-        p.:  =  V{i'-x.)-+(y-y.2)- 

i.st 

Nim  hat  die  an  dieser  Curve  gelegte    Tangente    w    zum  Azimuth. 

Wir  erhalten  somit  durch  Differentiation  der  Windbahnudeich\in!ï 

t  ,a  cj  =  -  ^^  '"''  ^- "  ^-^  -x\)+Pi")]-  'My  -  Vi)  pp  -  (.'/  -  ?/3)  pÇ-   / 1 1  AN 

7v[(«/^,'-0/-//i)+/V)]  +  y«(,r-.ri)/)/2  +  (.r-,T.)/','-    ^        ' 

IVdnifs  weiterer  Entwickeliing  \vr)]|en  wir  den  Anfongspunkt  des 
Coordinatensystems  in  (h'ii  gemeinsamen  Schwerpunkt  der  beiden 
\Virh;d gebiete  legen  nn<l  setzen 

X  ■=  p  cos  X  y  ~  p  sin  X  p"  =  x-  +  y- 

3'i  =  Pi  ^os  X,  //i  =  /7,  sin  Xi  pi"  =  Xi-  +  iif 

X.,  =  p.,  cos  X.  1/,  =  p-,  sin  X,  pr  =  x.?-\-y.{ 

Inihrt  man  dies  in  die  Cîleichiing  (HO)  ein  und  beriicksiehtigt  dabei 
die  Tjeziehungen 

VI  pi=  -  p,  Xi  =  X 

so  findet  man 

wo  zin-  .Vl)kürzung  gesetzt  worden  ist 
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U==p(KcosX-sinX}[{m  +  \)/f+{\+7n'')/Y  +  2(in-'l)ppiCos{X-Xi)] 

(111) 

-  wpi{KcosXi  —  sinXi)[iiir—  1  j/'f  +  '2{m  +  \)ppiCOs[X  —  X^] 

r=/?(/vsi»X  +  fo.?X)[('w  +  l)/5=+(l  +w")/îf -{■2(w-l)/9/)iCOs(X-Xi)] 

-  »ipiiKsinXi  +  rosXi)[(»r- 1  Vi'  +  -'"'  +  l)m^''«(^  -  '^i^l 

Die  Grössen  />!  und   Xi  sind  schon  als    Fimrtioncn   von  der  Zeit  < 
bekannt;  es  ist 

A-  =  /'oi  (1  +  et)  I Xi  =  X„  +  -^  log  (1  +  £0 

^o   :r^ =  s   Gfesetzt    worden    ist.       Die    Substitution    dieser 

■rrp«l{Ui+U2}  " 

Ausdrücke  in  (Hl)  ergiebt 

U=p{KcosX-sinX)  V (>ii +  ^)/r+{]  i  et)[\+nr-)p,l 
+  2{m  - 1)^/(1 +  £'V'/'oi  cos  (x  -  X„-  ^  'or/  (1  +  e/)^J 
- w/9,,,v'rr+7n  f/vmsYx,,  +  -7r  %('  +  e'))--'"'"(x,,  +  4%('  +  £'Aj 
j^(w'^-])(H-£0A'i  +  2(w  +  l)v/(l+en/7/>„,cos^X-X„-^/ef/(1  +  f")j 

V=p[K sin X  +  cosX)  ["(w  + 1 V^"  +  (1  +  £'>(!  +  '""Voï 
+  2(w-  1)V,1  +  fM/V'.nCOS^X-Xo--^  /c;/  (1  +  Eti^j 
■-i>'PWO  +  soYk  cos(x,,+  -^loii{l  +  £h^+  ivsfx^+  ~log(l  +  et)\^ 
|^(m=-l)(l  +  £/)/Vi+2(";  +  liVlTTeö/'A,,  ''.-.s  (x-'*^!-^"  '"-"(^  +  ^")] 

Avodun'b  tnu'  o  als  Function   von  /  dargestellt  -worden  ist. 

Es  ist  ebenso  leicht  einen  Ausdruck  ali/.uleiten  für  die  Gescli- 
windigkeit,  mit  welcher  dvv  "Wind  in  einem  gegebenen  Or'tc  zu 
gegebener  Zeit  webt.      Nennt    man    die   resultirende    Geschwindig- 
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keit  des  Windes  F,  so  ist  fin*  einen  Ort,  der  ausserhalb  der  Wirbel- 
gebiete liegt 


"-i^-'^'mnm 


Setzt  man  Iiierin  die  für  z\Yci  kreisförmige  oder  unendlich  kleine 
Wirbel "'ebiete  giltige  Lösung 

9  —  U\lo(j  ih'  +  Ui  fog  /'./ 

80  konnnt 

pi'pr  L  \ 

Dieses  lässt  sich  nun  leicht  durch  Einführung  der  Polarcoordinaten 
mit  Tîiicksicht  auf  die  l>eziehimgen  /'j=  — "'/'i  und  X,  =  Xo  umfor- 
men in 

p,  _  U2Hl+K')a  +my-[p"-+{>n-lYpf  +  2(m-l)pp,cos(X-X{r\ 
[p'+pi'  —  '-PI'i  cos{X~Xi)][p-  +  m- p{-  +  ■!  m  pp^cos(X  —  Xi)] 

Die  Substitution  der  ol)en  angegebenen  Ausdrücke  fin-  pi  imd  Xi 
erofiebt  den  verlangten  Ausdrmk 


U-f'}  +  niy-{l  +  7v-)  [p"+  (m  -  1  )-(l  -f  el)p,ri 
2?-'  = = 


r/''  +  /'oia  +  et)--2pp„i^{l  +  st)cos(x^X„--^log{l  +  st)\] 

^        .  K  \-i  ^-^(112) 

+  2{»i  -1)^(1+  et)pp,nCOs  (X-X, — j-  log{l  +  £«)  jj 

|^/)=  +  mV„i(^  +  ef)  +  -  m  pp.i^{\  +  ef)  cos  Çx-X„-~log{l  +  £«))"] 

wodurch  die  resultirende  Windgeschwindigkeit  in  einem  gegebenen 
Tunkt  der  Erdoberfliifhc  als  P\mction  von  t  dargestelh  worden  ist. 
Die  Gleichungen  (HOa)  (112)  setzen  uns  in  den  Stand,  sowohl  die 
Windrichtuncf  als  die    Windareschwindig'keit   für  verschiedene  Orte, 
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und  Zeiten  zu  ermitteln,  so  bald  die  anfängliche  Lage  der  beiden 
Wirbelgebiete,  ihre  Älassen  und  ihr  2:eo;enseiti2:er  Abstand  zu  einer 
Zeit  gegeben  sind.  Da  sie  aber  zu  complicirt  sind,  als  dass  sie  ohne 
Weitschweifigkeit  eine  allgemeine  Discussion  gestatteten,  so  wollen 
wir  uns  damit  begnügen,  den  liichtuiifyswechselund  die  Yeriinderunîr 
der  Windgeschwindigkeit  fin-  einit^e  besondere  Fälle  nälier  zu  ver- 
folüfen. 

O 

Wenn  p  unendlich  gross  gegen  /o„i  und  Ais  i>*t,  d.  h,  wenn  der 
lîeobachtungsort  unendlich  weit  vom  Schwerpunkt  der  l)ciden  Wir- 
belgebiete liegt,  so  dass  -^s/(L  +  e/)    für   endliche  t  unendlich    klein 

ist,  so  hat  man  die  einfache  Gleichung 

(KcoRX-sinX) 
'"'''  '^  =  ~  (/CsmX  +  rosX) 

oder  mit  lAÜcksidit  auf  die  Gleichung  ta<j  i^K^  wo  i  den  Deviations- 
winkcl  bedeutet 

CO  =  X  —  (' 
Die  AVindrichtuno;  ist  demnach  constant.  Lioüt  daher  der  betreffende 
Ort  z.  B  im  ersten  Quadrante,  und  sind  die  lieiden  unendlich  fernen 
AVirbelgebiete  cyklonal,  so  weht  dort  Mf.  ,S,S'ir.  S.  SSO.  SO,  oder 
je  nach  dem  der  Orf  in  lîezug  auf  den  Schwerpunkt  der  Wirbel- 
gebiete meiu'  siidlieli  oder  r>stlicb  liegt,  und  zwar  nur  sehwafli,  da 
unter  diesem  Umstände  die  Windstärke 

P' 
um  so  kleiner  ist,  je  gr(")sser  p  ist. 

Liegt  hingegen  der  r>enI)aehtungsort  im  Schwer[)unkt  der 
beiden  AVirbelgebiete,  so  dass  p  =  0  ist,  so  hat  man  für  diesen  Fall, 


i(ip  CO 


K  cos  [X„  +  -:^  loci  (1  +  £/)]  -  Hin  [(X„  +  -^  H  (I  +  ef)] 
K  sin  [Xo  +  -^  log  (1  +  et)]  +  cos  [X,,  +  -^log  (1  +  et)] 


a.  Il 
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co  =  X„+  -^io[,{\  +  ef)  -  (■ 


Der  Wind  geht  Jemnach  allniälig  durch  alle  lliinmelsstriche 
und  zwar  entweder  im  cyklonalen  »Sinne  immer  langsamer  oder 
anticyklonalen  Sinne  immer  schneller,  je  nachdem  die  beiden 
Wirbelgebiete  anticyklonal  oder  cyklonal  sind  oder  je  nachdem  das 
superpondirende  AVirbelgebiet  anticyklonal  oder  cyklonal  ist.  Dabei 
nimmt  die  AVindgesclnvindigkcit  im  erstereii  Fall  unaufhörlich  ab, 
und  im  letzteren  Fall  dagegen  unaufliörlich  zu  ;  denn  der  Ausdruck 
für  die  resultirende  Geschwindigkeit  \erwaiidelt  sich  in  unserem 
besonderen  Fall  in 

i'''  wilehst  sonach  mit  der  Zeit  (xler  nimmt  ab,  je  nachdem  £  <:  0 
oder  >  •)  ist,  vorausgesetzt  dass  //;  ^:'  1  ist.  Ist  nun  ;;/  =  1  </.  h. 
sind  die  Massen  der  lieiden  Wirbelgebiete  gleiclisiiinio-  uijd  einander 
gleich,  s(j  verschwindet  F-;  es  entsteht  um  den  Schwerpunkt  ein 
Gebiet  der  Windstillen. 

Wir  lassen  ferner  einen  Fall  iu's  Auge,  wo 
III  -=  1  X„  =  0         X  =  0 

ist,  womit  gesagt  ist,  dass  die  beiden  Wirbelgebietc  gleiche  und 
gleichsinijige  Massen,  und  zur  Zeit  /  =  0  die  liage  haben,  dass  die 
Verbindungslinie  ihrer  Scli\ver[)unkte  [)arallel  dem  Meridian  gerichtet 
ist  und  dass  der  lîeoliachtungsort  südlich  von  S(;liwerpunkt  der 
beiden  Wirbelgebiete  liegt.  Die  Gleiclunigen  (HO,,)  (11:2)  verwan- 
deln sich  für  diesen  Fall  nach  leichter  Umformung  in 

,  ^      _  _ [K/r-p,l  (\  +  Et\[K  cos  K  lut/  (1  +  Et)~  bin  K  loi/  (  I  +  et\]] 
<'[!  w  —      ^^,,  _j_  ^,^,  ^  j  _(.  g  j^  ^j^  ^-^^  Klag  (1  + st)—  cos  Klag  [l  +  e  t)]] 

1'"  =    4/^,r(l+A'-)// 


/V  +/)„inl  +  et)--2,rf4  (l  +  et)  cos  K  log  (1  +  st) 
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^\  ir  iieliineii  zuerst  :m,  dass  S  >>  0  soi.  (/.  h.  ilassi  diu  licidcii 
A\  irl)(.-]i;('bicte  anticyklona]  seien.  Dauii  ^-ind  wic'dtT  z\\v\  Kiillr  zu 
unter.scheiden,  üb  p  >  p^.i  oder  p  >.  An  i«t.  Im  crsteren  Fall,  wo  (kr 
Beobachtun<i;sjort    iimerbalb    der   Be\ve2;un<r.sbahii    der  Wirbel"ebiete 

O  DO  O 

liegt,  kann  sowold  der  Ziildcr  als  der -Nenner  in  dem  Ausdruck  für 
tau'  t>  ver.sebwindeu.  Es  webt  daher  in  dem  betreftenden  Ort 
jedesmal  .S'.  oder  N.,  so  oft 


Kß' 


yOüiU  +  e') 
wird,  und  jedesmal  (K  oder  H'.,  so  oft 


K  cos  K  lof)  {\  +  et)- sin  K.  logi \+el) 


=  cos  K  log  (1  +  £t]  ~K  sin  K  log  (1  +  Et) 


wird,  was  imnur  für  reelle  Wertlie  von  t  stattfinden  kaini,  da  aueli 
die  linker  Hand  stehende  Grösse  ein  positiver  echter  Bruch  ist.  Der 
Wind  uebt  daher  in  diesem  Orte  durch  alle  Himmelsstriche  luid  die 
Windfahne  drelit  sieli  dabei  immer  langsamer  im  cyklonalen  Sinne, 
während  dir  A\  indüX'schwindiükeit,  abo-esehen  von  den  Schwan- 
kungen,  deren  Periode  immer  grösser  wird,  alhnillig  abninnnt.  Ist 
dagegen  p  >  Pm  ä.  h.  liegt  der  Ort  ausserhalb  des  Bewegungsljahn 
der  Wirbelgebiete,  so  kann  tagco  nie  -  ",  nocli  =  ±  x  werden,  sd 
lange  p  >-  Pa  (1  +  e  ')  ist  und  die  Windrichtung  schwankt  nur  zwi- 
chen  A'.  und  (>..  so  lange  bis  das  eine  Wirbelgebiet  über  den  gegebe- 
nen (Irt  oder  siidlieh  davon  bin  wegschreitet,  so  dass  der  Ort  dann 
zwiseheii  dem  Schwerpunkt  luid  dem  Wirbelgebiet  zu  liegen  konnnt, 
und   der  Wind  dann  wieder  dureh  alk'  Striche  weht. 

A\'enn  lum  e  <  <>  ist,  d.  h.  wenn  die  Ijeiden  W'irljelgebiete 
eyklonal  sind,  so  verhält  sich  die  Sache  etwas  anderes.  Die  oben- 
stehenden Gleichungen  werden  in  diesem  Fall 

_        Ï K p-—  p,i\{]  -  et)[K cos  K log  {1  --  et)  -sin  K log  {]  —  et)]] 
"^  '"*  ""  ^   [p'-  +  Pui(l      e  t}[KsinKlüg(\-et)-  cos K log  [l- ei)]] 
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~  p'  +  pA  U  -  £0'--ppoi(1  ~-  eO  cos  K  io;i  (i  -  et) 
So  lange  p"  <c  Poî  (l  — e  0,  so  verschwindet  tïig-  co,  so  ofr 

— — — ^ =  7v  cos  7v  Inc)  (\  —  £  i)—fiiu  K  Inq  (1  —  j  1] 

ist  nnd  wird  =  ±  x  .  so  oft 

2 

— -E. =  cos  7v  loq  (1  —  e  t)  —  K  sin  K  log  (l  —£  t) 

wird.  So  lange  weht  der  Wind  demnach  von  allen  Tlinimelssti'ichen 
und  die  Richtnnc^siinderung  ffeschieht  anticyklonal  nnd  zwar  immer 
schneller,  wohei  ^Maxima  und  I\rinima  der  Windstärke  immer  rascher 
anf  eirinvi<lcr  folgen,  wiihrend  sie  seihst  immer  mehr  zunimmt. 

1st  /'  endlich  •_^  p.,i  ih  h.  liegt  der  Ort  jenseits  der  Bewegnngs- 
bahn  der  Wirbelgebiete,  so  schwankt  die  AVindrichtung  nur  zwisclien 
<S'.  und  ir.  alle  zwischenliegende  Striche  hindurch,  wiihrend  die  Sch- 
wankun<>en  der  Windstärke  immer  schneller  erfoloen,  wobei  die 
Windstärke  unauflulrlich  abnimmt,  bis  sie  fiU'  den  betreffenden  Ort 
einen  constanten  Wci'tli  erreicht  bat. 

I']s  bleibt  nur  noeli  der  Fall  zu  untersuchen  übrig,  wo  die  Massen 
der  beiden  Wirlielii'cbiete  u'lcif],  ^bor  ento-eofeno-esetzt  sind,  wo  also 
der  Schwerpiud^-t  der  bei<lcn  Wirbelgebiete  in  die  Unendlichkeit  rückt. 
Wie  wir  oben  gesellen  halien,  bewegen  sich  die  beiden  A\'irbelgebiete 
in  di(»sem  Fall  eeradelinig  mit  C(jnstanter-Geschwindia:keit 


und  zwar  in  dr  llieJUnng.  in  der  die  Luft  zwischen  den  beiden  Wir- 
belgebieten sti-önit.  liezeichnen  wir  diese  Geschwindigkeit  mit  B, 
und  beziehen  die  Scliwerpunktc  der  AVirbelgebiete  auf  ein  Coordinaten- 
sjstcm,  dessen  x  Achse  wieder  gegen  S.  und  dessen  positive  ij  Achse 
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gegen  <K  gerichtet,  nnrl  dessen  Anfangspunkt  in  dem  Punkt  auf  der 
Ei'doherflilche  liegen  soll,  dessen  Windverliiiltniss  wir  untersuchen 
wollen,  80  dnss  die  rileichnngen  (IH),,)  (112)  sich  in  diesem  FmH 
verwandeln  in 

Es  seien  «i  ßi,  ol^  ß.,  die  Coordinaten  der  Sciiwerpuid<te  der  hcidem 
Wirbelgebiete  zur  Zeit  «~o,  und  p  sei  der  Winkel,  welchen  die 
Fortschreitungsrichtung  der  beiden  Wirbelgebiete  mit  der  ]wsitiven 
X  Aclise  einschliesst.     Wenn  wir  setzen 

.r,  =  Rt.  cos  {&  +  a,  x.,  =  Rt.  cos  ti  +  m.., 

?/,  =  Rt.  sin  p  +  ßi  2h  —  I^f-  «'»  ^  +  ß-i  ' 

.  so  ist  die  liedinffun":  von  der  Fnveriindorliildvcil    des   Ab-irandcs  der 
beiden  AVirbelgebiete 

(j-i  —  .r.y-  +  (//,  -  y.^-  ^  fa,  -  a,V-  +  {ßi  -  ß.^"'  =  r"" 

erfüllt.     Die  Substitution  der  Ausdriidie  (ll.'i)  in  (Ho)  (Hl)  ergidit 

nach  Icicliter  Umfornuuig. 

U 
Inga  =  -  — 

wo 

Î7=  {RH"-  +  2fi([ao cos 'Z'  +  ß., sin p]  +  %l  +  ßi) [K[Rt  cos  p  +  Oi.^-Rt sin  ji - ß^) 

-{Rr-  +  2Rt[>x^cosp  +  ß^sinp]  +  'Xx^+ß^-)(K[Rtcosp  +  oi..i\-ntsin  p- ß.) 

V  =  (R-l-  +  2Rt['x.,cosp  +  ß,siiiii]  +  :t.f+ßi)(K[Rtsin  p  +  ß^j  +  Rtcosp  +  a^) 
—  (/?-/-  +  27?f[a,  cos  p  +  ßi  sin  ^]  +  a{+  ß.j)  (K\Rt  sin  p  +  ß.?,  +  Rt  cos  p  +  i.J) 

ist. 

[RH- +  2  Ullt^cosp  +  ß^sin  </,]  +  af  +  ßf){R't-+  2Rt[t.,rosA  +  ß.Mvp]  +  OL.:ßf\ 
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wüiliirrli  lias  Azimuth  des  Winde.s  iiud  die  Windgeschwindigkeit  als 
Function  der  Zeit  dargestellt  worden  ist. 

Der  Winkel  ^  ist  dabei  auf  gewisse  Weise  von  der  Richtung 
der  Verbindungslinie  der  beiden  W^ii'belgebiete  abhängig.  Zieht  man 
zu  dieser  Gerade  eine  Senkrechte,  so  macht,  wie  wir  schon  oben 
gesehen  haben,  die  Richtung  der  Fortschreitungsgeschwindigkeifc 
mit  dieser  Senkrechte  einen  AVinkel,  dessen  trigonometrische  Tangeute 

i.>t.  Bezeichnet  man  diesen  niit^/  und^den  Winkel,  welche  die  zur 
\'erbindungsliuie  der  beiden  Wirbelgebiete  senkrechte  Linie  mit  der 
positiven  x  Achse  einschliesst  mit  J^,  so  hat  man 

/8,  -  ß„ 


jiü  =:  cf  +  i  und     coi^  = 


ai  —  aj 


Mithin 


/ß,  —  ß\ 
to  =  anot.  I  — i )  +  t 


wobei  der  rechter  Hand  stehende  Quotient  im  absoluten  Sinne 
genommen  werden  kann,  wenn  man  nur  fest  setzt,  dass  9  in  der 
Richtung  gezählt  wird,  in  der  man  das  cyklonale  AVirbelgebiet 
erblickt,  wenn  man  nacli  der  Richtung  der  Fortschreitung  hinsieht. 
Lm  einen  einfachen  Fall  beispielsweise  zu  betrachten,  nehmen 
wir  an,  dass 

ai  =  0L.,  =  i)        /?,  =3  -  /Î,  =  ß. 

(l.  II.  dass  der  Beobachtungsort  zur  Zeit  /  =  0  gerade  in  der  Mitte 
der  Wrbindungslinie  der  beiden  AVirbelgebiete  liege.  Unsere  Glei- 
chungen  lassen  sich  in  diesem  einfachen  Fall  mit  Rücksicht  auf  die 
Beziehung  Utg  i  =  K  umformen  in 


''^^-iß^-(iK-\)m-^) 
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^i-(l+A'-jr= 


F2  = 


[{R'  t-'  +  ß-y  -  •!■  22-  f  ß-  sin'  i] 

Die  Wiiulgcsdnvindigkeit  ist  tlemnacli,  wie  Iciclit  vitnm.-.zii>5eliL'ü 
Avar,  am  grij.s.sten  zur  Zeit  /  =  0,  und  niinnit,  indem  die  beiden 
Wirbelgebiete  fortschreiten,  unaiifliörlidi  al).  Wie  der  AVind  seine 
Richtung  mit  der  Zeit  wechselt,  das  hängt,   wie  man  sieht,  davon  ab, 

ob  2v  >.  —  oder  <-7^  ist.  Ist  das  erstere  der  Fall,  so  weht  in  dem 
betreftenden  Orte  anfangs  ein  XW.  mit  dem  Azimuth  45^  und  die 
WindrichtuniT  ceht   dann   durch  A  fl  f)'.  in  reinen  IV  über,  und   zwar 

nach  dem  Verlaufe  der  endlichen  Zeit  t  ^  /r/v-ZTi'  ^'^"  ^^'t^l'li'-''" 
Zeitpunkt  ab  der  Wind  rasch  SSIV.  .SIF.  wird,  und  sich  dann  immer 
langsamer  einer  bestimmten  .südwestlichen  Kirhlunii'  tiiiint,  deren 
Azimuth  durch  die  CHeichung 

bestimmt  ist.  Wenn  alter  A' <  — ist,  so  findet  ein  solcher  A\  ind- 
wechsel  nicht  statt:  der  AVind  bleibt  fortwiilirend  zwischen  -V.  und 
ir.  und  n'àhrt  sich  einer  bestinnnten  nordwestlichen  lîichtiuig,  deren 
Azimuth  durch  die  Gleicluuig 

1 

bestimmt  ist. 

Der  in  einem  ffes'ebenen  Oi-I   herrschende  Druck  liisst  sich  auch 

eben  so  leicht  als    Function  \()n   der   Zeit  darsU'llen.      AusdeiHdci- 


cüungen 


<ß  ^  -llZ  + 1  (  Ui  lüj  pi  +  U:  'oij  p,  ) 


U         - 
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folyt  durcli  Einfiiliriiiii;'  der  l'ohii'coordiiiatcu 

p  =  nG-ß  (/C+i^^-|^)%j[A'  +  /Y-2/.'/'ims  (X  -Xi^j'" 

r  '  L    »    "  ,  0       .          ,Y     vnl      A/ü..MI+w)-(l+Jl-) 
[/>-  +  vvp^-  +  2  ;/(  /5/>i  roÄ  (  X  -  X  j  )  J  ^ ^^ ^ 

[/?''  +  ( ;»  - 1)-  /v  +  -  ^ "'  - 1  )  /^/'i  w-^  (  X -  Ai)] 

*  [Z  +  A'  —  ^  /7/?i  cos  (X—  Ai)][^-  +  W7)i"  +  2  w  /»/»icos  (X  — XjJ 

llieiinis  fu]"'t  weiter  (liirrh  die  Kiid'iiliruiiii-  der  Ausdriieke  für  p\  und  Xi 

1"//+  (m - 1 ,) Vui( J  +£«)+- ('"-1  )/VoiA/(l+£f)t'os(X-X„  — ^  /t'i'l  1  -1- £ <)  jj 

1/7-+  «/Voll  l  +  £  0  +  -  '"  Pl\\  CO«  f  X-X„  -  Y  ;o(i»( I  +  £  /)  j J 

ein  Aiisdruek  für  die  N'eränderliehkeit  des  in  eineiii  lieuebeiieii  Ort 
herrscliendeii  Drucks  mit  der  Zeit,  wenn  zwei  AVirbelgebiete  .sieh  in 
der  Xähe  de.s  Ortes  n'ebiidet  Laben. 

JJa  nun  eine  allgemeine  I  )is(;(issi(jn  dieses  eninpUzirleu  Au.s- 
drufks  si-hwierig  ist,  wegen  der  grussen  Anzahl  der  l'araniefer  und 
der  dadurch  l)edingten  mügliclien  Fidle,  wollen  wir  luis  damit 
beynUü'en,  einigfe  besondere  Fälle  niUier  zu  betrachten. 

Es  sei  zunächst  p  —  0,  d.  lt.  der  Ort  liege  gerade  im  Schwer- 
punkte der  Ijeiden  Wirbelgebiete,  so  wiid  in  diesem  Fall 

P=^U0^UU,>^(}+K')  log  [i>r(  1  +  £  ty".''  /.^f +=J 

2  m-  p„{  (  1  +  £  t) 

oder 
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Hierbei  sind  vier  Fälle  zu  iinterscheideu,  (jIj  ilie  beiden  ^\  irlielgebiete 
;inti(vklnn:d  sind  oder  e)'kl<)nal,  oder  auch,  nb  das  siiperpondirende 
Wirbelo'ebiet  aiiticvkbmal  <><ler  evklonal  ist.  A\'enii  wir  das  erste 
aniielimen,  und  festsetzten,  dass  e>0  ist,  su  seilen  wir,  indem  wir 
den  ersten  I)itîerential(juotientcn 

dl)_ _  /z//o(l+w)(l  +K').s./  Uj  (w  +  1  )(//<-!)-        \ 

dt  ~  {]+£  t)  \p,;i       (i+£  f)  / 

betrachten,   dass,   falls  -^'  (w  +  1    (w  — !)->.  »c   ist.  der    Druek    zuerst 

Pol 
zuninnnt.  und  dann   immer  hingsanier  abnimmt.     Die  Zeit,   wo  der 

^Maximaldruek  eintritt  ist 

Sind  aber  die  beiden  Wirbelgx-biete  eyklonal,  s(j  dass  U-2,  ^vie  £  negativ 
zu  setzen  ist,  so  nimmt  der  Druck  unter  denselben  Umständen  nur 
unaufhörlich  ab,  und  zwar  immer  rascher,  da  U  —  et)  mit  waeh- 
seuder  t  abnimmt. 

betrachten  wullen  wir  nixli  die  I  )rui'k\  eränderung  in  dem  lieson- 
deren  Fall,  wd 

.\„  =  0         X  =  0         //(  ^  1 
ist.       J)er    Ausdruck    für  den   Druck   Nereinfadit   sich    unter    diesen 
Umständen  zu 

l'=lxO  -  /z  A  -  /C  (  1  +  K-  )  /oi/  [/)'  +  /'„;  (  1  +  £  0 '  -  -/'..'i  /'■-'  1 1  +  £  0  ^'(»i  K  loo  (  l  +  £  0] 

-■lßß^\+  h')/r  \^  ,  _^  ^^^  j^  1  +  £«)-■  -  2/^01  A 1  +  £  0  cos  Klo<j(\+Et}J 

Die  Veränderungen  des  Drurks  sind  demnach   Iheils  periodische 
theils  -lutigc;  der  Druck  schwanki  zwischen  Miniiiuun  und  Maximmu, 
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bald  schneller,  bald  langsamer,  indem  Maxima  und  Minima  entweder 
unaufhörlich  abnehmen,  oder  leise  zu  einem  beistimmten  Grenzwerthe 
wachsen,  je  nachdem  die  l)eiden  ^Virbelgebiete  anticyklonal  oder 
cyklonal  sind. 

Bildet    man    den    ersten    Differentialquotienten,    und    setzt    zur 
Alikürzuno- 

P  Pol- 

so  kommt 

dp  ^      [oi,'ß~Kil-\-oLy{\  +  £t)"--2oi.-(l  +  £t)cosKlog{\  +  Et)] 

dt    '     '^[l+'x*a  +  etY-2oL"-{l+£t)cosKlog{l  +  £t)y  * 

[a^(l  +  £t)-  cos  K  log  {1  +  Et)+K  sin  loci  (1  +  s  Q]  (HO 

Setzt  man  die  lieiden  Factoren  im  Zähler  =  0.  und  ]r)st  nafh  a'  (1  +  £t) 
auf,    so  dass 

a.-(l  +  £t)=:  COS  Klag  (1  +  £i)- J^-l +cosU<:iog  [l  +  £t) 
5[m1  +  £  0  =  cos  K  log  n  +  £  0  —  ■'v  sin  K  log  (1  +  £  0 
o<l('r  indem  man  setzt,  unter  der  Voransetzung  des  positiven  e 

Klog{\+£t)=.  & 


V(f-0- 


OL'  e  ''  =  cos  ■&  +  Ji^L  ^\)  +  cos"-  &  =  cos  &  +  J^  -  sin'  ■» 


(117} 


a^  e  ■""  =  cos  Û  —  K  sin  &. 


Ol)  diese  transscendenten  (Gleichungen  ideelle  Wurzeln  iiaben,  das 
hängt  von  den  Werthen  der  hierin  auftretenden  l'arameter  ab.  Wir 
wollen,  um  die  Discussion  zu  erleichtern,  die  Constante  7v  =  1  setzen 


dann  sind  vier  mögliehe  Falle  denkbar 


>. 
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k; 

■^ 

a'ß 

> 

K. 

a-ß 

K 

■<! 

a=/3 

<r 

1  a->l 

1  a-  <:  1 

1  a^>l 

1  a=<l 

Während  in  den  hciden  letzteren  Fällen  die  erste  (ileirluinji;  nieht 
stattfindet,  dii  der  Wiirzelansdriick  iiu  allgemeinen  imaginär  wird, 
kann  diesellie  in  den  Ix'iden  letzteren  Fällen  wohl  durch  einen  i*ee]]en 
Werth  von  ^  befriedigt  werden,  und  zwnr  dunh  einen  einzigen 
zwisclien  0  und  -^  liegenden  Werth,  wie  man  siidi  leicht  davon 
überzeugen  kann  durch  graphische  Darstellung  der  1)eiden  Curven 


1/  ~J sin-  &  y  =  %-e    —  cor  & 

Die  zweite  Gleichung  wird  auch  nur  dann  durcli  ein  reelles  ■^ 
erfüllbar,  wenn  a"  <^  1  ist,  und  zwar  durch  einen  einzigen  zwischen 
0  und  -7-  lieffenden  Werth.  Es  folo-t  hieraus  :  haben  die  bei<len 
Wirbelgebiete  anticvklonale  lîewegungsformen,  so  kann  der  Luft- 
druck für  den  Ort  von  der  \orausgesetzten  Lage  in  ]>ezug  auf  ilen 
Schwerpunkt  d<'r  beiden  Wii-lielgebiete  höchstens  einmal  Maxinuuu 
und  ein  Mininuuii  ,«ein.  wenn  '\rv  betreffende  Oi't  ausserhalb  der 
Fortschreitnngsbahn  der  beiden  Wirbelgebiete  liegt,  und  zwar  so  dass 

a"  e    —  cos  #       ftin  â 
lien    Zeitpunkt  bestinunf.   wo  das   Druekmininuun   eintritt,   während 


IX- c    —cos-^-\- 


la'ß 
J snr  ■ 


den    Zeitpunkt    augiebt.    wo    in    dem     l)e( reffenden    Ort   der    Druck 
Maximum  wird. 


Note  on  the  Specific  volumes  of  Aromatic 
Compounds. 

By 
Jöji  Sakurai,  FCS. 

Profpssov  of  Cliomistry,  Impovial  University. 


It  is  well  known  tliat  the  o1)serve<l  specific  volumes  of  henzene 
and  its  derivntives-'  are  less  tlinn  those  coleulated  with  the  use  of  Ko}»])'s 
constants  which,  wiicu  applied  to  saturated  f:itty  compounds,  give 
results  fairly  agreeing-  with  the  oliserved  values. 

OtluT  values  for  earhon  and  hydrogen  to  be  applied  to  1)enzene 
(and  its  derivati\'es  ?)  have  therefore  been  calculated.  Lother  Clever 
regards  the  hvdrogen  of  benzene  as  liaving  the  \  alue  5,*  instead  of  o.ö, 
while  the  carbon  is  regarded  as  lia\'ing  the  value  1 1 ,  as  in  saturated 
fatty  compounds.  J,i"isclnnidt  assinnes  that  half  the  carbon  atoms 
in  benzene  have  the  value  11,  and  the  remainder  the  value  14,  and 
that  hydrogen  has  the  constant  value  3.5. 

Each  of  these  sets  of  values,  I  considei',  has  been  arbitrarily 
deduccil  from  the  observed  specific  volume  of  benzene,  and  therefore, 
when  calculated  back,  thev  naturallv  i^ive  results  asTceina"  with 
the  latter. 


*  I  have  not  been  able  to  refer  to  Meyer's  original  paper.     Thorpe  (J.  chem.  Soc.  Trans. 

1880,.3S1)  states:  "Lother  Meyer  makes  H=3 ,"  Init  this  I  regard  as  amisprint  for  H  =  5. 

This  misprint  is  reproduce;!  in  Watt's  Diet.  Ill  Suppl.  p.  212G,  and  again  in  Mr,  Kuhara's 
paper  to  ho  referred  to  later  on. 
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Meyer's  calculation.  Lösclimidt's  calculation.  observed. 

II.  =  G  X 


;ion. 

Lösclimidt's  calculation 

^■GG 

C3  -  3  X  14  =  42 

=  30 

C3  -3  X  11  =  33 

9  G 

H,  =  6  X  3.5=21 

96  95.9 

Now,  Meyer's  and  LJlsclimidt's  ponstants  are  only  applicable  to 
benzene,  and  cannot  be  regarded  as  giving  results  agreeing  with  the 
observed  values,  ^^•hen  applied  to  the  homologues  of  benzene.      For, 

(  1  )  If  we  regard  these  constants  to  be  applied  to  the  side-chains 
as  well,  then  the  calculated  values  of  the  homolofrues  of  benzene 
would  be  less  than  the  observed  values  ;  for,  while  benzene  possesses 
abnormally  low  specific  volume,  its  homologues  show  the  constant 
increase  of  22  in  the  volume  for  an  increment  of  C  H„.  The  hvdroofen 
in  the  side-chain  cannot,  therefoi'e,  possess  the  value  0,  and  still  less 
the  value  3. .5. 

(2)  If  we  regard  the  above  constants  as  applicalilc  to  the 
benzene  nucleus  only,  and  the  carbon  and  hydrogen  in  the  side-chain 
as  possessing  their  normal  ^alues,  then  the  use  of  JMever's  constants 
means  an  advantage  of  2.5  units  over  Kopp's  A'alues  for  one  atom 
of  hydrogen  replaced  by  ('  IT;,  (^  H.,,  &c  ;  fir  Cr.  Il5=91  instead  of 
93.5.  For  di-substitution  products  the  advantage  is  2.(1,  ior  tri- 
snbstitution  products  1.5,  and  so  on,  until  we  shall  find  in  hexamethvl 
benzene,  fn*  example,  n  body  possessing  normal  specific  \olume. 
This,  however,  does  not  seem  to  be  the  case.  The  use  of  Löschniidt's 
constants  for  onlv  the  benzene-nucleus  leads  to  a  sinijular  result.  l'V,r 
mono-substitution  products  the  advantage  over  Kopp's  constants  is 
1  unit,  as  C\  1L,=92.5  instead  of  93.5  ;  but  for  di-substitution  pro- 
ducts tlie  disadvantage  is  1  unit,  for  tri-substitution  proilucts  the 
disadcantage  is  2  units,  and  so  on. 
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Meyer's  and  Lü.schmidt's  constants  are,  therefoi'e,  only  applicable 
to  benzene,  ami  not  to  its  homologues  with  any  strictness. 

I  have  calculated  another  value  for  carbon  which,  I  admit,  is  as 
arljitrarv  as  IMeyer's  or  Löschmidt's,  but  which  has  the  merit  of  being 
a{);)licable  to  aromatic  hydro-carbons  in  general.  I  regard  each  of 
the  six  atoms  of  carljon  in  benzene-nucleus  as  having  the  value 
10. 5,  while  tlie  hydrogen  of  the  nucleus  as  well  as  the  carbon  and 
hydrogen  of  the  side-chains  possess  their  normal  values,  viz.  C=ll 
and  H=5.5. 

Tliis  consideration  is,  of  course,  derived  from  the  observation 
tliat  the  replacement  of  hydrogen  in  benzene  by  C  Hj,  Co  Hj,  &c 
causes  the  same  increase  in  volume  as   in  saturated  fatty  compounds. 

The  following  comparison  will  make  the  above  statement  clear, 
the  numbers  under  '  observed  '  being  those  obtained  by  R.  Schiff.* 
Kopp's  determinations  of  benzene,  cymene,  and  naphthalene  are  also 
added.  The  ten  atoms  of  carbon,  in  the  last  hydrocarbon,  consti- 
tuting the  two  Ijenzene  nuclei  are  each  of  them  ret^arded  as  hav- 
in"'  the  value  10.5. 


Kopp. 

Benzene  CV,  H,j    1)5.8 

TolufneC.H,.  CH,  — 

Xylene  CJi;.  (CH,),    — 

Eihyl  Ijenzene  C^  H^.  C.^  II5   • — 

X.  projjyl  benzene  CgHj.  Cg  H;"...    — 
P.  Ethyl  toli:ene  C,  H^.  CH3.  C,  H,  — 

Mesitylene  C,  H,.  (C  lb,).  — 

Cymene  C^  H,.  CH3.  CgH;" 183.5 

Xaphthalene  Q\o  Hg    1-19.2 


served. 

Cf 

ilculated. 

Schiff. 

C  =  10 

..5  &  n,  H =5.5 

...     95.94 

96 

...  117.97 

lis 

...  139.74 

140 

...  138.93 

140 

...  161.82 

162 

...  161.94 

162 

...  162.41 

162 

...  184.46 

184 



149 

•Annalen  *äo,71. 
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The  value  10.5  for  nucleu.s-carbon  tliu.s  adapt«  it.self  well  eillier 
for  benzene  or  ils  liomologue«  ;  and  in  tli^'  deducing  of  such  special 
vahies  for  carbon  or  hydrogen  or  for  bolh,  the  amniatic ////^//-ocvn-ZwHs 
are  certainly  the  nicst  auitable,  a.s  they  consist  of  carbon  and  hydrogen 
alone  and  do  jiot  contain  oxygen  or  nitrogen,  Ihe  presence  of 
which  introduces  elements  of  uncertainty. 

The  above  Aalue  of  carbon  may,  however,  he  employed  in  the 
same  manner  in  calculating  the  specific  volumes  of  simpler  aromatic 
compounds  containing  oxygen,  the  twn  values  given  to  this  element 
by  Kopp  being  adopted  in  the  calculatii^i.      Thus — 

Obser \  c( i .  Calculated . 

(Kopp.)  0  =  10.5  &  11,  H  =  5.5. 

0  =  12.-J  &  7.8. 

ITienolC,  II5.  O'll    103. G  103.8 

Benzoic  aldehyde  C,  H5.  CHO"  118.1  \l'J.-2 

Benzoic  acid  C,  H,.  CO'O' H  li^li.!)  li'7.0 

Ethyl  b^nzoate  C,;  H,-,.  CO'0"a  II5  ...  1  7iM— 1 71,.S  171.0 

Beijzylic  alcohol  C,  11,.  Clf,  UH li\-;.7  li'.-).8 

Mr.  Kuhara,  in  \'<)1.  II,  l*t.  1\  of  thi._-j(jurii:il,  calculated  the 
specific  Aolumes  for  the  above  liodies,  using  ]>ö.^l■hmidt's  constants 
and  on  the  suj)positioii  that  3  atoms  of  carbon  ii;i\c  ihe  \alue  11,  the 
rest  11,  and  that  hydrogen,  Avhciher  of  I  he  nucleus  or  of  tlu^  side- 
chain,  i)ossessei5  the  constant  value  3..").  lie  will  find  ihat  his  num- 
bers are  not  more  concordant  wilh  the  experimental  values  than  are 
those  above  calculated.  If,  moreover,  he  tried  his  method  of  calcula- 
tion upon  the  aromiitic  iiijdroaiyhtum. — bodies  \\hich,  a..;  1  already 
pointed  out,  are  certain!  v  best  suited  to  test  the  accuracy  or  utility  of 
the  constants  for  carbon  and  hvdrogeii — he  will  g\'t  very  dilferenl 
results,  as  1  have  already  broadly  indi'aird  and  a-  (he  following  table 
will  -Ikjw  in  greater  del  ail  :  — 
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Ubserved.  Cajculated. 


Kopp.  Scliiff.  C  =  14  &  ll,H=;i.r.. 

lîeiizeiie  a  H,; Ü5.8...    95.94  ....  96 

Toluene  C,  H,.  CHa    —...117.97  ...  114 

Xylene  C,  H,.  (CH;0, —  ...  1 39.74  ...  132 

Ethyl  benzene  C„  H,.  a  H, —...138.93  ...  132 

X.    l'ro[>yl   benzene  an,.  C;H-""     —...101.82  ...  150 

r.  Ethyl  toluene  C„H,.CPl3.aH,-,..     —...161.94  ...  150 

Mesitylene  C„  H^.  (CH,)3 —....162.41  ...  150 

Cymene  C„1I,.  CII3.  CJl;"    183.5  ...  184.46  ...  168 

Xiiiihthalene  Ci„  Hs 149.2...     —  ...  147  or  153* 

The  above  table  clearly  sliow.s  the  foult  of  the  method  of  calcu- 
lation employed  by  Mr.  Kuhara,  which  when  ajiplied  to  simpler 
aromatic  compounds  containing  oxygen  gives  results  (Ijy  chance?) 
fiirlv  agreeing  v\-ith  the  experimental  values,  but  which  when  ap[)lie(l 
to  the  aromatic  hydrocarbons  gives  results  entirely  at  variance  with 
those  experimentally  deiennincd. 

Using  the  same  method  of  (.■alculati<_)n  and  (,)n  the  suppositic/U 
that  oxygen  is  ketonic,  Mr.  Kuhai-a  iinds  that  the  observed  specilic 
volume  of  camphor  agrees  almost  exactly  with  tlie  calculated  vahie, 
and  draws  therefore  a  probable  conclusion  that  its  constitution  is 
correctly  represented  by  one  of  the  following  formulae  : 

*  Mr.  Kuliara  makes  naphUmlene  =  150,  but  it  seems  to  me  that  the  two  possible  ways  of 
calculatiou  consistent  -n-ith  those  adopted  for  otlier  tjodies  are  : 

(1)  (2) 

C';!  =  3  X  14  =  42  Cs  =  .")  X  14  =  70 

Ct  =  7  X  1 1  =  77  C.i  =  5  X  11  =  0.') 

Hs  =8  X  3.5  ^  2S  Hk  =8  x  3.5=  28 

147  153 
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The  agreement  Ijetween  the  observed  and  the  calculated  values 
for  (he  specihc  volume  of  «iiuphor.  viz.  187.42  and  187.2  respectively, 
is  certainly  very  remarkable,  but  one  does  not  feel  very  much  inclined 
to  accept  any  conclusion  bast'd  upon  a  method  of  calculation  ap- 
parently open   to   so   y-ravc  a   criticism   as   J.  have  indicated. 

A\'ith  our  present  imperfect  state  of  knowledge  regarding  the 
relation  between  specific  volumes  of  compounds  and  their  '  consti- 
tuHon,'  espcciallv  in  the  case  of  aromatic  compounds,  wc  can  neither 
make  a  free  nor  a  safe  application  of  it  in  the  discussion  of  the 
probable  constitution  of  snrh  liodics  as  camphor  and  borneol. 

It  is  pi-obali](',  for  instance,  that  the  specific  vohnne  of  carlion 
may  vary  not  only  according  as  it  exists  in  the  benzene  nucleus  or  in 
tlie  side-chains,  but  also  according  as  it  is  condjined  Avitli  1,  2,  o,  or 
4  other  carbon  atoms,  and  ao-ain  accordiri"'  to  the  nature  of  other 
atoms  directiv  combint-d  with  it.  Schiff,  indeed,  has  ])ointed  out 
that  the  specific  xoluini'  of  carlion  may  a  ary  from  N  to  1."!.  and  that 
of  oxygen   from  5.6  to  H). 

The  ditference  observed  between  the  specific  volumes  of 

(1)  Para  chlorotoluene CJl,.  CM,.  CI      =      l;M.!)l 

(2)  r.cnzyli,' chhn-ide    C,  11,.  CIL.  CI      -      13;b47 

may,    for    example,    be    due   to    either   one    or    all   of    the    following 
differences  : 
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1°.  Chlorine  in  (1)  is  in  direct  combination  with  carbon  oftlie 
nucleus,  that  in  (2)  with  one  in  the  side-chain. 

2°.  There  are  four  (CH)  groups  in  (1),  five  in  (2)  ;  in  other 
words,  there  are  two  side-chains  in  (1),  and  only  one 
in  (2); 

o°.  The  carbon  to  which  clilorine  is  combined  in  (1)  is  in  its 
turn  directly  combined  with  two  other  atoms  of  carbon, 
while  that  to  which  chloinne  is  combined  in  (2)  is  only 
combined  with  one  other  carbon  atom. 

Such  considerations  as  these  make  us  hesitate  very  inuch  Ijcforo 
making  a  free  application  of  the  very  imperfect  knowledge  we  possess 
at  present  regarding  the  relation  between  specific  volume  data  and 
the  constitution  of  chemical  compounds. 

It  is  true  that  the  specific  volume  of  camphor  calrulated  with 
the  use  of  constants,  C  =  10.5  &  11,  11  =  5.5,  0  =  12.2  or  7.8,  does 
not  agree  with  the  experimental  value,  ])at  this  is  simply  because  we 
are  ignorant  of  the  law  Avliich  counects  together  the  variation  of  the 
specific  volume  of  an  element  with  its  mode  of  coml)ination.  It  is 
possible,  for  example,  that  tlie  specific  volume  of  carbon  directly 
combined  with  four  <-tlier  atoms  of  carbon  may  l)e  considerably  lower 
tliaii  10.5  or  11.'  and  tlie  almoriually  low  specific  volume  of  camphor, 
as  actually  observed,  may  be  due  to  the  existence  in  it  of  two  or  more 
sucli  carljoii  atoms.  The  six  formulae  of  camphor  cjuoted  by 
^\r.  Kuharn  represent  ir  as  containing  respectively  0,  0.  2,  1,  2  and 
1  such  carbon  atoms,  and  it  may  possibly  turn  out  that  either  the 
formula  (o)  or  the  formida  (5)  correctly  i-epresents  its  constitution. 
Further  theoretical    speculations   upon   these  points  are  more  than 

*  It  may  he  rumarki'rl  tliat  tlie  atomic  volume  of  diamond  calculated  in  the  usual  manner 
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useless  at  pi'escnt,  and  I  rhovefdre  do  no  move  llian  broadly  make  the 
above  susfS'estions  for  future  consideration. 
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